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INTRODUCTION 


The  cost  of  acquiring  and  maintaining  a  fleet  of  helicopters 
is  affected  to  a  significant  extent  by  the  costs  incurred  in 
acquiring,  maintaining,  and  replacing  the  ro  or  blades.  Exper¬ 
ience  has  shown  that  few  rotor  blades  operating  in  the  Army's 
utility  fleet  in  a  hostile  climatic  and  military  environment 
ever  reach  their  fatigue-limited  allowable  service  life.  It 
is  apparent  that  the  main  rotor  blade  costs  can  be  reduced  by 
increasing  the  number  of  repairs  performed  successfully  in  the 
field,  and  by  reducing  acquisition  and  replacement  costs  so 
chat  unrepairable  blades  can  be  economically  abandoned.  The 
concept  of  a  field-repairable/expendable  main  rotor  blade  is 
intended  to  meet  these  objectives. 

The  aim  of  the  development  program  is  not  only  to  develop  a 
new  rotor  blade  having  improved  life-cycle  costs.  In  fact,  the 
flight  vehicle,  the  UH-1H  helicopter,  is  nearing  obsolescence 
and  a  now  rotor  blade  design  is  not  now  warranted.  Methodology 
will  be  developed  applicable  to  future  rotor  blade  procurement 
for  new  model  helicopters,  providing  means  whereby  maintain¬ 
ability  and  survivability  criteria  can  be  incorporated  and 
evaluated  during  the  e-  rliest  design  phases.  Expensive  depot 
repair,  its  accompanying  logistical  complexity,  and  high  scrap 
rates  may  thus  be  avoided  in  the  future. 

The  development  program  itself  is  div  >i  d  into  five  phases.  In 
Phase  I,  the  methodology  has  been  developed  and  the  selection 
made  of  a  basic  blade  design  on  which  this  methodology  can  be 
tested.  In  Phase  II,  the  detail  design  and  analysis  of  both 
the  blade  and  its  repair  schemes  will  be  completed  and  the 
drawings  issued  for  manufacturing.  The  test  blades  will  be 
fabricated  and  ground  structural  and  whirl  tower  testing  will  be 
performed  in  Phase  III,  and  flight  tests  will  take  place  in 
Phase  IV.  In  Phase  V,  the  results  of  the  program  will  be 
analyzed  anu  the  methodology  refined  to  reflect  the  ground  and 
flight  testing  and  the  repair  performance  experienced. 

This  report  cover?  the  work  done  under  Phase  I  of  the  program. 

At  the  start  of  the  program,  the  types  of  damage  experienced 
by  UH-1H  main  rotor  blades  in  operation,  the  relative  rates  of 
occurrence  of  each  type  of  damage,  and  the  dispositions  were 
examined  in  order  to  determine  in  which  areas  improvement 
could  best  be  made.  The  damage,  repair,  and  scrap  history  of 
current  blades  is  accumulated  in  Reference  1  based  on  Army 
records.  A  machine-generated  damage  scenario,  representative 
of  the  externally-caused  damage  events  experienced  in  the  field, 
was  used  in  Reference  2  so  that  types  of  damage  requiring  repair 
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could  be  placed  on  a  quantitative  basis.  These  types  of  damage 
were  modified  as  to  depth  and  severity  to  account  for  differ¬ 
ences  in  materials  between  the  current  UH-1H  blade  and  the  re¬ 
pairable  concepts  under  study.  In  Reference  3,  the  damage 
events  and  dispositions  described  in  Reference  1  were  used 
directly.  Similar  extensive  analyses  were  used  to  provide  the 
bases  for  repair  costs  in  References  4  and  5.  For  this  pro¬ 
gram,  a  combination  of  the  causes  and  dispositions  collected  in 
Reference  1  and  the  modified  damage  scenario  of  Reference  2  is 
used  as  the  basis  of  a  Failure  Modes  and  Effects  Analysis.  The 
validity  of  the  Army's  damage  scenario  was  verified  during  the 
study  of  Reference  2,  which  showed  that  the  dispositions  obtained 
by  applying  the  scenario  to  the  current  blade  closely  approxi¬ 
mated  those  presented  in  Reference  1. 

A  tentative  design  specification,  conforming  to  the  repaira- 
biiity  criteria,  reflecting  the  types  of  incidents  reported  in 
Reference  1  and  quantified  in  the  damage  scenario,  detailing 
the  technical  requirements,  and  providing  criteria  for  surviv¬ 
ability,  cost,  and  environmental  resistance,  was  drawn  up. 

This  specification  was  drawn  from  the  results  of  the  studies 
outlined  in  References  2,  3,  4,  and  5  and  determined 
the  acceptability  for  further  study  of  the  concepts  examined 
in  those  references.  This  preliminary  design  specification 
is  presented  in  Appendix  I.  At  the  conclusion  of  the  program, 
this  specification  will  be  examined  and  a  final  version  drawn 
up  reflecting  the  results  of  the  hardware  tests. 

The  blade  concepts  presented  in  References  2  through  7,  to¬ 
gether  with  other  possible  combinations  of  materials  and 
techniques,  were  examined  with  respect  to  this  preliminary 
design  specification.  As  a  result  of  the  evaluation,  which 
covered  twenty-six  different  approaches,  two  basic  types  of 
blade  construction  were  chosen  for  further  development.  With 
detail  variations,  these  two  basic  types  provided  twelve 
different  detail  designs. 

Following  the  selection  of  the  blade  concepts  fo>.  further 
development,  designs  were  prepared  in  greater  detail  and  a 
technical  analysis  was  performed  to  determine  adequacy  of  each 
design  for  use  on  the  UH-1H  helicopter  in  the  basic  utility 
mission.  Natural  frequency,  bending  moment,  and  stress 
analyses  were  performed  to  ensure  that  the  structure  was  equal 
to  that  of  the  current  blade.  Repair  schemes  were  drawn  up, 
and  estimates  of  their  structural  adequacy  and  conformance  with 
the  maintainability  criteria  were  made.  The  radar  cross  sec¬ 
tions  and  acoustic  signatures  were  estimated  and  compared  to 
those  of  the  current  UH-1H  blade. 
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A  reliability  analysis  predicting  the  probable  failure  and 
damage  occurrences,  based  on  a  comparison  of  the  designs  under 
study  with  the  standard  UH-1H  blade,  was  made;  and  modes, 
causes,  and  rates  of  failure  w<  re  predicted.  A  survivability 
analysis  utilizing  the  damage  scenario,  as  modified  for  the 
appropriate  materials,  was  also  made. 


A  maintainability  prediction  based  on  the  repair  schemes  and 
predicted  failures  was  made.  During  the  design  process,  any 
inadequacies  in  maintainability,  particularly  with  respect 
to  skill  level  and  elapsed  active  repair  times,  were  noted 
and  any  necessary  design  changes  were  made.  The  maintainability 
requirements  had  considerable  influence  in  the  choice  of  the 
aft  skin  material  and,  to  a  lesser  extent,  the  structural  ad¬ 
hesives  used  in  the  blade  construction.  The  tips  were  de¬ 
signed  for  ease  of  access,  to  facilitate  balance  weight  adjust¬ 
ment  following  repairs.  However,  in  general,  the  effect  of 
maintainability  criteria  on  design  decisions  was  negative, 
vetoing  unsuitable  materials  and  methods  of  construction, 
rather  than  positively  indicating  favorable  choices. 


Finally,  to  provide  the  quantitative  basis  on  which  to  compare 
blade  Concepts  and  make  the  final  selection,  a  life-cycle  cost 
analysis  was  performed  for  each  of  the  twelve  design  variants. 
This  cast  analysis  was  based  on  a  10-year,  5000-hour  aircraft 
life  aid  a  10,000-unit  blade  procurement  quantity,  and  used 
the  failure  modes  and  rates,  the  repair  labor,  and  the  scrap 
or  rep »ir  dispositions  predicted  by  the  reliability,  surviva¬ 
bility!  and  maintainability  analyses,  along  with  manufacturing 
costs  estimated  for  each  concept.  Such  fixed  costs  as  inspec¬ 
tion  and  those  associated  with  logistics  were  included  but  did 
not  vary  between  differing  concepts.  The  costs  of  the  standard 
UH-1H  blade  were  obtained  on  the  same  basis  so  as  to  give  a 
measure  of  the  improvement  to  be  gained  by  treating  maintain¬ 
ability,  particularly  repairability ,  as  a  major  design  con¬ 
straint. 


This  report  covers  the  results  of  all  of  the  evaluations, 
analyses,  and  predictions  leading  to  the  selection  of  the  final 
concept  to  be  designed,  fabricated,  and  tested  during  the  re¬ 
maining  phases  of  the  program.  The  selected  concept  and  the 
reasons  for  the  choice  are  presented. 
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METHODOLOGY 


Since  the  primary  purpose  of  this  development  program  is  to 
create  and  refine  methodology  by  which  maintainability 
requirements  can  be  incorporated  into  the  preliminary  design 
process,  it  is  appropriate  to  describe  the  approach  taken  during 
Phase  I. 

Initially,  a  design  specification  was  drawn  up  reflecting  the 
damage  incidents  incurred  by  the  blades  as  presently  in  service, 
and  providing  the  technical  requirements  for  the  new  blade 
design.  Reliability  and  maintainability  criteria,  surviv¬ 
ability,  and  technical  requirements  such  as  stiffness, 
strength,  static  deflection,  weight  and  balance,  and  detect¬ 
ability  by  radar  and  acoustics  were  specified.  Potential 
concepts  were  examined  with  respect  to  this  specification,  and 
those  which  conformed  most  closely,  and  with  the  greatest 
certainty,  were  examined  further. 

For  this  program,  the  criteria,  particularly  the  technical 
requirements,  were  drawn  up  by  comparison  with  the  character¬ 
istics  of  the  blade  currently  used  on  the  UH-1H  helicopter. 

For  a  new  blade  program,  where  the  criteria  would  be  applicable 
to  a  new  helicopter,  the  design  specification  should  be  more 
directly  related  to  the  airframe,  the  mission,  and  the  rotor 
system. 

When  each  blade  concept  was  sufficiently  well  defined,  a 
failure  modes  and  effects  analysis  was  performed  and  the  main¬ 
tainability  characteristics  were  determined  for  repair  of  these 
failures.  In  any  instance  where  the  maintainability  fell 
short  of  the  criteria,  design  changes  were  made,  but  in  the 
preliminary  design  phase  such  changes  were  few. 

Finally,  the  blade-related  life-cycle  costs  were  analyzed  for 
a  helicopter  life  span  of  5,000  hours.  These  costs  included 
acquisition,  repair,  scrap,  retirement,  replacement,  and 
logistics.  The  life-cycle  cost  analysis  provides  a  quantita¬ 
tive  comparison  of  competing  blade  concepts,  placing  a 
dollar  value  on  such  qualities  as  reliability  and  repairability . 

APPROACH  TO  A  DESIGN  SPECIFICATION 

Traditionally,  a  rotor  blade  design  specification,  if  formalized 
as  a  separate  document  at  all,  spells  out  the  required  perform¬ 
ance  characteristics  in  terms  of  airfoil  section,  chord 
length,  rotor  radius,  hub  interface,  probably  desired  dynamic 
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and  structural  limits,  and  very  little  else.  In  most  cases, 
however,  the  blades  are  procured  as  integral  parts  of  the  air¬ 
craft  system,  and  their  requirements  are  implicit  in  the  total 
specification,  rather  than  explicitly  presented  in  a  separate 
document.  This  has  resulted  in  rotor  blades  designed  and 
manufactured  with  their  reliability,  vulnerability,  and  main¬ 
tainability  treated,  somewhat  cursorily,  as  small  parts  of 
those  of  the  overall  system.  Recent  operational  experience 
has  shown  that  blade-related  costs  are  significantly  high, 
sufficiently  so  that  potential  savings,  by  treating  blade 
characteristics  specifically,  amount  to  ten  million  dollars 
annually  for  a  typical  U.  S.  Army  helicopter  fleet.  An 
important  part  of  this  program  is  to  generate  guidelines  and 
create  a  typical  design  specification  for  helicopter  blades, 
which  can  be  either  a  separate  document  or  incorporated  as 
explicit  blade  items  in  the  overall  system  specification. 

As  well  as  those  technical  characteristics  determined  by 
aerodynamic  performance  requirements,  others  such  as  weight, 
centrifugal  force,  balance,  and  the  natural  frequencies  of 
primary  modes  should  be  defined.  If  there  is  a  possibility 
of  tip  deflection  being  critical,  this  limitation  should  be 
given.  Radar  and  acoustic  detectability  may  be  included.  Most 
important,  the  operational  characteristics  and  limitations  in 
the  areas  of  reliability,  maintainability,  survivability,  and 
acquisition  cost  must  be  defined. 

The  preliminary  blade  design  specification  prepared  for  this 
phase  of  the  program  is  included  as  Appendix  I  of  this  report. 
The  specification  will  be  revised  to  incorporate  any  changes 
indicated  by  the  test  programs  to  be  performed  under  Phases 
III  and  IV. 

TECHNICAL  CRITERIA 

Because  the  field-repairable/expendable  rotor  blades  are 
intended  for  use  on  an  already  operational  helicopter,  the 
technical  definition  of  the  blades  is  developed  by  comparison 
with  the  known  characteristics  of  the  blades  currently  in 
service . 

The  contractor's  standard  machine  program  was  used  to  generate 
the  mass  and  stiffness  properties  for  the  selected  basic 
design  concepts  at  significant  cross  sections,  and  these  section 
properties  were  then  compared  with  the  equivalent  properties 
of  the  current  blade.  The  program  accepts  a  series  of 
coordinates  describing  points  on  the  boundary  of  each  component 
section,  and  generates  the  geometric  properties  (area,  centroid, 
and  first  and  second  moments  of  area) .  These  geometric  proper¬ 
ties  are  then  multiplied  by  the  respective  material  weight 
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densities  and  summed  for  the  total  section  wei ght  and  inertia 
per  unit  length  and  section  center  of  gravity.  Summing  the 
products  with  the  respective  material  moduli  of  elasticity 
gives  the  total  section  axial  and  bending  stiffnesses  and  the 
neutral  axis. 

The  section  properties  were  introduced  into  the  contractor's 
standard  dynamic  analysis  machine  programs,  and  natural 
frequencies  and  dynamic  bending  moments  were  predicted.  Blade 
total  weight  and  balance  characteristics,  centrifugal  load 
distributions,  and  static  bending  moments  and  deflections  were 
determined  by  computer  integration  of  the  section  weights, 
centers  of  gravity,  and  stiffnesses.  Plane  section  stress 
analysis  was  used  to  predict  flight  stresses  and  fatigue  margins 
of  safety. 

Designing  to  section  properties  approximating  those  of  the 
current  blade  ensures  dynamic  and  structural  behavior  similar 
to  that  blade,  so  that  fatigue  lives  will  be  comparable.  Thus, 
the  critical  edgewise  and  torsional  stiffnesses  are  specified 
to  have  the  same  values  as  those  of  the  current  blade.  Other 
parameters,  such  as  static  deflection  and  centrifugal  force, 
were  calculated  for  the  current  blade  by  using  the  contractor's 
computer  programs,  and  then  were  incorporated  into  the  design 
specification.  The  specification  thus  allows  comparison  of 
the  candidate  concepts  and  the  current  blade  on  the  same 
analytical  basis. 

RELIABILITY  AND  MAINTAINABILITY  CRITERIA 

The  program  plans  for  the  reliability  and  maintainability 
evaluations,  respectively,  and  for  the  incorporation  of 
reliability  and  maintainability  criteria  into  the  preliminary 
designs  are  presented  in  Appendixes  II  and  III. 

The  reliability  of  the  candidate  design  concepts  was  examined 
using  the  known  history  of  the  current  UH-1H  main  rotor  blades, 
as  expressed  in  Table  D-I  of  Reference  1.  For  the  design 
specification,  those  areas  exhibiting  the  highest  frequency 
of  inherent  failures  were  required  to  be  minimized.  Vulner¬ 
ability  criteria  were  specified  in  the  same  way,  those  areas 
most  susceptible  to  external  damage  being  required  to  be 
minimized.  It  was  also  possible  to  specify  that  materials 
susceptible  to  certain  types  of  damage,  such  as  corrosion, 
dents  from  minor  impact,  moisture  absorption,  and  similar 
specific  traits,  be  avoided  wherever  possible. 

The  maintainability  criteria  were  specified  such  that  all 
repairs  could  be  performed  in  the  field  safely,  successfully, 
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and  within  time  limits  such  that  less  effort  would  be  required 
to  perform  each  permitted  repair  than  to  scrap  the  blade.  Any 
damage  events  requiring  repairs  so  extensive  as  not  to  meet 
these  criteria  would  be  cause  for  scrap.  The  maintenance 
skill  level,  mean  time  goal  to  perform  each  repair  action,  and 
the  95fch  percentile  maximum  for  all  repair  actions  are  all 
defined  in  the  design  specification.  The  effect  of  applying 
these  limits  will  be  to  ensure  that  almost  all  allowable 
repairs  are  carried  out,  in  preference  to  scrapping  the  blade. 

The  design  specification  implies  that  the  frequency  and 
severity  of  damage  events  will  be  less  for  those  designs  that 
conform  with  it  than  for  those  that  do  not.  Conformity  with 
the  specification  eliminates  or  reduces  susceptibility  to 
corrosion,  wear,  impact,  and  adhesive  bond  delamination. 

A  failure  modes  and  effects  analysis  was  generated  for  the 
current  blade,  in  accordance  with  the  history  given  in  Refer¬ 
ence  1,  and  then  modified  for  each  of  the  selected  candidate 
concepts  by  adjusting  for  the  known  and  anticipated  charact¬ 
eristics  of  the  materials  and  details  of  each  concept.  The 
maintenance  dispositions  of  the  damage  events  occurring  to 
the  current  blade  were  incorporated  in  the  failure  modes 
analysis,  and  similar  dispositions  were  predicted  for  the 
candidate  design  concepts.  In  this  way,  blades  conforming 
with  the  specification  could  be  compared  with  current  opera¬ 
tional  experience.  The  choices  of  disposition  were  repair  on 
aircraft,  repair  off  aircraft,  scrap,  or  no  required  action. 

The  number  of  off-aircraft  repairs  must  be  minimize.,  because 
once  the  blade  has  been  removed  from  the  aircraft,  the  advan¬ 
tage  of  repair  over  scrap  diminishes,  depending  on  availa¬ 
bility  of  a  replacement  blade. 

Some  damage  occurrences  require  no  action  where  a  difference 
in  wall  thickness,  material,  or  other  design  feature  between 
the  candidate  concept  and  the  current  blade  means  that  a  dent 
or  abrasion,  for  example,  will  have  no  significant  structural 
effect  within  increased  limits.  In  addition,  each  of  the 
candidate  concepts  is  designed  so  that  certain  damage 
occurrences  are  eliminated  entirely.  Delaminations  cannot 
occur  in  a  monolithic  structural  component  replacing  a  built- 
up  assembly,  and  nonmetals  do  not  corrode. 

SURVIVABILITY  CRITERIA 

Detectability  criteria,  the  radar  cross  section  and  the  acoustic 
signature,  are  simply  specified  so  that  the  candidate  concepts 
will  be  no  more  detectable  than  the  current  blade.  Design 
characteristics  affecting  radar  return  and  noise  level  are 


specified  as  limits  referred  directly  to  the  external  features 
of  the  current  blade. 

Survivability  after  a  damage  event,  particularly  combat  damage, 
is  specified  in  terms  of  crack  propagation  rates,  fail-safe 
load  paths,  and  crack  arresters  such  as  changes  of  modulus  or 
thickness.  How  well  the  selected  design  concept  conforms  with 
the  speci  fication  will  be  determined  by  hardware  testing  in 
Phase  III.  Even  partial  conformity  with  the  design  specifi¬ 
cations  in  this  respect  will  result  in  an  improvement  over 
the  current  blade. 

FAILURE  MODES  AND  EFFECTS  ANALYSIS 

The  approach  to  the  reliability  analysis  of  each  design 
considered  is  presented  in  Appendix  II,  "Reliability  Program 
Plan".  In  outline,  Tables  D-I  and  H-I  of  Reference  1  were 
used  to  compile  a  theoretical  collection  of  damage  events, 
typified  by  damage  cause  or  type,  and  to  assign  frequencies  of 
occurrence  to  these  events  as  experienced  by  the  current 
UH-1D/H  main  rotor  blade.  This  compilation  was  then  applied 
to  each  of  the  new  concepts,  making  changes  as  dictated  by 
new  materials  or  types  of  construction.  The  locat-ion  of  each 
damage  event  was  determined  from  the  damage  scenario  for 
the  externally  caused  occurrences,  and  from  Table  XIV  of  Ref¬ 
erence  3  for  inherent  failures. 

Dispositions  (scrap,  depot  repair,  or  field  repair)  were  deter¬ 
mined  in  accordance  with  Table  H-I  of  Reference  1  for  the 
current  blade,  and  by  the  maintainability  analysis  for  each  of 
the  concepts  being  examined.  These  dispositions  were  then  in¬ 
cluded  in  the  computation  of  the  overall  failure  analysis  so 
that  scrap  and  repair  rates  could  be  determined  for  each  de¬ 
sign  . 

Each  repairable  failure  was  investigated  by  a  maintainability 
analysis,  and  times  to  repair,  labor  efforts  required,  and 
equipment  and  material  requirements  were  generated.  These 
times,  labor  requirements,  and  material  and  equipment  identified 
as  repair  kits  were  incorporated  into  the  failure  modes  and 
effects  analysis  so  that  a  complete  accumulation  of  these 
elements  could  be  made  as  an  integral  part  of  the  failure 
analysis.  This  computation  could  then  be  used  to  generate 
the  overall  95th  percentile  maximum  repair  times,  so  that  the 
failure  and  maintainability  results  could  be  checked  against 
the  design  specification.  If  the  specified  maximum  was  still 
exceeded  after  all  practical  design  changes  improving  repair 
characteristics  had  been  incorporated,  then  those  repairs  con¬ 
tributing  the  most  time  were  eliminated  and  replaced  by  scrap 
actions,  reducing  the  overall  repairability  of  the  concept. 
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The  repair  kit  requirements  and  labor  figures  were  also 
accumulated  and  averaged,  so  that  the  cost  elements  for  use 
in  the  life-cycle  cost  analysis  were  generated. 

LIFE-CYCLE  COST  ANALYSIS 

For  each  of  the  candidate  concepts  selected  for  further 
investigation,  a  manufacturing  cost  estimate  was  developed 
based  on  a  production  run  of  10,000  blades.  This  quantity 
established  the  point  on  the  learning  curve  for  manufacturing 
labor  man-hours,  and  the  nonrecurrinq  costs  associated  with 
tool  planning,  design,  and  fabrication  were  amortized  o^er 
this  number  of  units.  The  prototype  costs,  i.e.,  research, 
development,  test,  and  engineering  ( RDTE ) ,  are  not  included 
in  the  nonrecurring  costs  for  purposes  of  life-cycle  cost 
determination. 

The  initial  cost  was  combined  with  the  costs  of  maintenance, 
replacement,  shipping,  and  attrition  to  give  the  total  blade- 
related  costs  for  the  helicopter  life  cycle.  The  cost  model 
and  computer  flow  chart  by  which  these  diverse  costs  are 
combined  are  shown  in  Figure  1. 

The  cost  model  horizontally  divides  the  cost  elements  into 
those  associated  with  the  procurement  of  initial  outfitting 
and  replacement  blades,  including  new  blade  price,  container 
price,  and  shipping  costs  of  blades  and  empty  containers  by 
sea  or  air  as  appropriate;  and  into  those  chargeable  to  labor 
and  materials  require^  to  maintain  the  blades.  The  latter 
costs  include  inspection,  repair,  removal,  replacement, 
alignment,  and  tracking,  and  form  different  combinations  for 
repairs  performed  on  the  aircraft,  off  the  aircraft  but  in  the 
field,  or  at  the  depot.  Because  a  major  requirement  of  this 
development  program  is  that  depot  repairs  should  be  eliminated, 
the  cost  elements  associated  with  depot  repairs  or  depot  scrap 
are  not  shown  on  Figure  1,  but  they  were  included  in  the  com¬ 
putation  of  the  life-cycle  cost  of  the  standard  UH-1H  blade. 

For  the  f ield-repairable/expendable  concepts,  all  repair  or 
scrap  actions  take  place  in  the  field. 

The  cost  model  is  vertically  divided  into  the  procurement  cost 
of  initially  outfitting  the  fleet,  initial  spares  procurement 
including  containers,  and  the  cost  of  blade  repair  support 
equipment  and  materials;  the  cost  of  replacements  for  blades 
scrapped,  retired,  or  lost  to  attrition;  and  the  cost  of  all 
maintenance  actions  including  labor  and  materials.  The  length 
of  the  blade  supply  pipeline  (the  elapsed  time  between  delivery 
of  a  blade  from  the  factory  and  its  availability  at  the  using 
unit)  is  taken  into  account  in  the  second  division , where  the 
number  of  replacements  is  adjusted  up  or  down  according  to  the 


9 


rate  of  replacement  and  the  length  of  the  pipeline. 

The  basic  equations  used  to  generate  the  costs  which  make  up 
the  overall  life-cycle  blade  costs  are  presented  on  pages  7 
through  12  of  Reference  3.  One  change  has  been  made  to  allow 
the  rate  of  retirement  to  vary  according  to  the  rate  of  scrap. 
This  relationship  is  shown  in  Appendix  II  for  the  retirement 
of  undamaged  blades,  while  damaged  but  repairable  blades  are 
assumed  to  be  retired  when  the  cost  of  a  repair  exceeds  the 
value  of  the  remaining  service  life.  If  the  value  of  the  life 
remaining  is  assumed  to  be  directly  proportional  to  the  initial 
blade  price  and  inversely  to  the  allowable  service  life,  and 
damage  events  are  assumed  to  occur  at  a  constant  rate  for 
the  operational  life  of  the  fleet,  the  fraction  of  damaged 
but  repairable  blades  retired  is  proportional  to  the  average 
cost  of  a  repair  and  inversely  porportional  to  the  price  Df 
a  new  blade. 

COMPUTER  -METHODS 

The  contractor  has  two  machine  computation  systems,  both  of 
which  were  used  extensively  during  Phase  I  of  this  program. 

The  contractor's  standard  machine  programs  using  the  large- 
capacity  card-reading  machine  were  used  to  generate  section 
properties,  natural  frequencies,  and  dynamic  bending  moments. 
This  system  of  hardware  and  software  has  been  operational  for 
several  years  and  has  been  used  successfully  on  many  different 
development  programs. 

To  enable  quick  decisions  to  be  made,  of  particular  importance 
for  preliminary  design  activity,  the  contractor's  keyboard- 
input  conversational  time-sharing  computer  system  was  used. 
Standard  programs  in  this  system  were  used  to  determine 
weight  and  balance  characteristics  by  integration  of  section 
properties,  and  to  determine  stresses  from  the  dynamic 
bending  moments.  The  first  of  these  programs  takes  advantage 
of  the  conversational  feature  of  the  system  to  make  theoretical 
adjustments  to  the  blade  balance  until  the  specified  balance 
parameters  are  met.  The  system  allows  these  changes  to  be 
made  immediately. 

Two  special  programs  were  written  for  the  conversational 
computer  system.  The  first  of  these  covers  the  failure  modes 
and  effects  analysis,  incorporating  the  results  of  the  main¬ 
tainability  analysis  so  that  repair  times  and  kit  use  can  be 
summed  and  averaged.  This  program  also  produces  the  95th 
percentile  maintenance  times  in  its  output.  The  conversational 
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feature  of  the  system  here  allows  repair  actions  to  be  re¬ 
placed  by  scrap  actions  until  the  specified  maximum  time  is 
reached  or  passed  below.  The  second  special  program  generates 
life-cycle  costs,  using  the  flow  chart  shown  in  Figure  1, 
from  the  failure  modes  and  effects  computation  and  the 
estimated  manufactured  price  of  a  new  blade.  This  program  is 
set  up  so  that  the  sensitivity  to  significant  parameters  such 
as  procurement  cost,  field  repairability ,  and  failure  rate, 
can  be  rapidly  obtained.  Any  of  the  input  variables  can  be 
manipulated  as  required,  so  that  sensitivity  to  other  param¬ 
eters,  such  as  supply  line  elapsed  time  and  allowable  service 
life,  can  also  be  obtained. 

The  conversational  time-sharing  computer  proved  to  be  a 
valuable  tool  for  preliminary  design,  because  of  its  ability 
to  provide  immediate  processing  of  input  variables.  In 
technical  areas,  it  was  possible  to  balance  the  blade  concepts 
by  making  rapid  adjustments  to  theoretical  representations  of 
blade  tip  weights,  and  to  eliminate  repetitive  and  tedious 
hand  calculations  by  writing  simple  programs,  such  as  that  to 
obtain  stresses  at  many  points  on  many  sections  of  each  blade. 
For  operational  analysis,  the  programs  for  failure  modes  and 
effects  and  for  life-cycle  costs  greatly  reduced  turnaround 
time  for  determining  trends  and  increased  both  the  number  of 
parameters  which  could  be  varied  and  the  range  of  those 
variations . 
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CANDIDATE  DESIGN  CONCEPTS 


At  the  outset  of  the  program,  many  diverse  types  of  construc¬ 
tion  and  combinations  of  materials  were  examined.  The  poten¬ 
tial  for  achieving  the  reliability,  maintainability,  and  cost 
goals  were  evaluated  for  each  of  these  concepts  and  those 
specific  design  features  exhibiting  the  greatest  potential 
were  selected  and  combined,  as  appropriate,  into  a  reduced 
number  of  concepts,  which  were  then  analyzed  for  technical  and 
operational  characteristics  by  the  methodology  presented  above. 

Twenty-two  separate  and  distinct  concepts  are  presented  in 
References  2  through  6.  Some  design  features  are  common  to 
two  or  more  of  these  concepts,  and  at  least  one  combination  of 
major  features  is  repeated,  but  with  significant  differences 
in  detail. 

The  22  concepts  examined  in  the  references  have  the  following 
basic  blade  sections: 

a.  One-piece  extruded  aluminum  alloy  spar,  glass-fiber- 
reinforced  aft  skins,  aluminum  honeycomb  aft  core,  and 
extruded  aluminum  alloy  trailing-edge  spline  (Reference 
2,  Configuration  V). 

b.  Glass  fiber  reinforced  aft  skins,  but  otherwise  unchanged 
from  the  current  UH-1H  blade  (Reference  2,  Configuration  I). 

c.  Narrow  chord  titanium  spar,  glass-f iber-reinforced-plastic 
aft  skins,  titanium  spline  (Reference  2,  Configuration  II). 

d.  One-piece  extruded  aluminum  alloy  spar  with  integral  root 
buildup,  glass-fiber  aft  skins,  aluminum  alloy  spline 
(Reference  2,  Configuration  III). 

e.  Unidirectional  glass-f iber-reinforced-plastic  spar  and 
spline,  glass-fiber  aft  skins  (Reference  2,  Configuration 
IV)  . 

£ .  All-aluminum  alloy  blade  with  one-piece  extruded  spar 
(Reference  3,  Design  1)  . 

g.  Stretch-formed  stainless-steel  sheet  three-piece  spar, 

drawn  stainless-steel  nose  ballast,  glass-fiber-reinforced 
aft  skins,  polyamide  paper  honeycomb  aft  core,  unidirec¬ 
tional  glass-f iber-reinforced-plastic  spline  (Reference  3, 
Design  2) . 
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h.  One-piece  extruded  aluminum  alloy  spar,  glass-fiber-rein- 
forced-plastic  aft  skins,  sheet  aluminum  shear  web  on 
chord  plane,  polyamide  paper  aft  cores,  extruded  aluminum 
spline  (Reference  3,  Design  3). 

i.  Extruded  aluminum  alloy  spar,  extruded  aluminum  alloy  aft 
section  (Reference  3,  Design  4). 

j.  Aft  fairing  sectionalized  into  short,  bolted-on  boxes,  but 
otherwise  changed  only  as  necessary  from  the  current  UH-1H 
blade  (Reference  4,  Figure  14). 

k.  Sectionalized  glass-f iber-reinforced-plastic  aft  fairing, 
glass-f iber-reinforced-plastic  spar,  bolted  removable 
leading-edge  member  (Reference  4,  Figure  15). 

l.  Four-component  bolted  spar  with  sectionalized  aft  fairing 
(Reference  4,  Figure  16). 

m.  Wraparound  steel  tube  spar  with  sectionalized  aft  fairing 
(Reference  4,  Figure  17). 

n.  Extruded  aluminum  spar,  bolted  removable  leading  edge 
sections,  sectionalized  aft  fairings  bolted  in  place 
(Reference  4,  Figure  18). 

o.  As  (n) ,  but  sectionalized  aft  fairings  bonded  in  place 
(Reference  4,  Figure  19). 

p.  Two-piece  extruded  aluminum  alloy  spar,  glass-fiber-rein- 
forced-plastic  aft  skins,  aluminum  honeycomb  core,  glass- 
f iber-reinforced-plastic  trailing-edge  spline  (Reference 
5,  Configuration  I). 

q.  Three-piece  spar  of  stainless  steel  and  aluminum  sheet, 
aft  section  and  spline  as  (p)  (Reference  5,  Configuration 
II)  . 

r.  Glass-fiber-  and  carbon-f iber-reinforced-plastic  spar,  aft 
section  and  spline  as  (p)  (Reference  5,  Configuration  III) . 

s.  Glass-fiber-  and  carbon-f iber-reinforced-plastic  twin- 
beam  spar,  aft  section  and  spline  as  (p)  (Reference  5, 
Configuration  IV) . 

t.  Spar  as  (s) ,  integrally  supported  carbon-fiber-  and  glass- 
f iber-reinforced-plastic  aft  skin  produced  by  pultrusion 
process,  carbon-f iber-reinforced-plastic  spline  (Refer¬ 
ence  5,  Configuration  VI). 
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u.  Spar  as  (p) ,  pultruded  integrally  supported  glass-f  .bei • 
reinforced-plastic  aft  skins,  glass-f iber-reinforced- 
plastic  spline  (Reference  5,  Configuration  VI). 

v.  Multispar  construction  utilizing  a  series  of  filament- 
wound  glass-f iber-reinforced-plastic  tubes  enclosed  in  a 
filament  wound  glass-f iber-reinforced-plastic  skin,  with 
other  structural  and  mass  elements  in  the  interstices 
between  tubes  (Reference  6)  . 

Other  possibilities,  including  variations  of  the  22  concepts 
above,  include  the  following: 

w.  As  (v) ,  with  high-modulus  fiber  filament-wound  skins  for 
added  torsional  stiffness. 

x.  Multicell  structure  formed  from  glass  fibers  or  advanced 
fibers  laid  up  on  mandrels,  loaded  with  resin,  and  cured 
in  a  mold.  This  type  of  construction  can  have  many 
variations  in  materials  used,  fiber  orientation,  resin 
impregnation  processes,  final  contour  mold,  and  the 
proportion  of  automated  procedures  to  manual  labor. 

y.  Combinations  of  metal  structural  members  (spar  and, 
possibly,  spline)  and  molded  reinforced-plastic  contour. 
This  hybrid  construction  can  have  as  many  variations  as 
(x)  above.  (Reference  7  provides  one  example.) 

z.  Various  types  of  wooden  construction,  which  may  or  may 
not  incorporate  metal  or  plastic. 

FABRICATION  CONCEPTS 

The  different  methods  of  component  fabrication  used  above  can 
be  divided  into  eight  general  groups:  extruded  metal,  formed 
sheet  metal,  molded  resin-impregnated  glass  or  high-modulus 
fibers,  molded  wet  laid-up  fiber  reinforced  plastic,  filament- 
wound  fiber-reinforced  plastic,  precured  resin-impregnated 
glass  cloth,  pultruded  fiber-reinforced  plastic,  and  carving 
to  shape.  Other  fabrication  techniques  are  possible,  of 
course,  and  some  of  the  component  manufacturing  methods 
applied  above  do  not  fall  readily  into  any  of  the  eight  cate¬ 
gories.  The  carved  honeycomb  (either  metallic  or  organic) 
utilized  by  most  of  the  above  concepts,  to  support  the  aft 
skins,  uses  a  technique  which  is  otherwise  applicable  only  to 
wood . 

Of  the  methods  of  spar  fabrication  investigated,  those  pro¬ 
duced  by  extrusion  or  pultrusion  preclude  variation  of  cross 
section  along  the  span  of  the  blade.  These  techniques  are 
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not  applicable  to  advanced-geometry  blades  which  have  tapered 
thicknesses,  chord  lengths,  or  otherwise  changing  contours, 
except  where  the  extrusion  is  buried  within  a  contour  formed 
by  other  means.  Sheet  metal  can  be  formed  by  stretching  to 
tapered  shapes,  but  if  rolling  is  used,  the  same  restrictions 
apply  as  to  extrusion.  All  the  molded  concepts  can  have  any 
desired  contour  configuration,  and  these,  together  with  stretch 
formed  sheet  metal,  can  be  considered  when  advanced  geometry 
is  desired.  The  specific  application  of  this  program  does  not 
require  variations  in  contour,  but  this  limitation  must  be 
considered  when  the  study  results  are  generalized  to  include 
future  Army  helicopters  of  advanced  aerodynamic  performance. 

Most  of  the  concepts  above  have  a  basic  blade  section  made  up 
of  individual  components,,  preformed,  precut,  or  precured,  and 
bonded  together  in  the  final  assembly  operation.  Concepts 
(v) ,  (w) ,  (x) ,  and  (y)  above  propose  that  the  plastic  be 
cured  in  the  final  mold,  forming  a  one-piece  structure.  Some 
prebonded  subassemblies,  particularly  for  (y)  where  metal 
structural  components  are  incorporated,  may  be  used. 

The  sectionalized  blades,  (j)  through  (o)  above,  are  assembled 
with  a  combination  of  adhesive  and  mechanical  joints.  The 
mechanical  joints  are  designed  for  disassembly  so  that  damaged 
sections  of  the  blade  can  be  individually  replaced. 

The  root  reinforcement  hardware  required  to  carry  the  blade 
retention  loads  into  the  hub  is  incorporated  in  several 
different  ways.  The  most  basic  is  that  in  which  the 
additional  strength  necessary  at  the  root  is  provided 
integrally  with  the  spar  as  a  local  increase  in  the  cross 
section.  The  stepped  extrusion  described  in  (d)  provides  an 
example,  as  does  the  spar  shown  in  Reference  7.  In  the  molded 
plastic  construction  methods,  a  possible  solution  is  to  bury 
sheet-metal  laminae  in  the  fiber  and  resin  layup,  providing 
the  bearing  strength  necessary  for  the  load  paths  to  the 
retention  pins.  The  most  common  solution,  which  adds  manufac¬ 
turing  steps  in  itself  but  considerably  simplifies  fabrication 
of  the  basic  blade  section,  is  the  use  of  external  reinforce¬ 
ment  consisting  of  upper  and  lower  metal  grip  fittings,  and 
usually  sheet-metal  doublers,  to  collect  and  concentrate  the 
blade  loads.  This  reinforcement  may  be  installed  by  a  bonding 
operation  subsequent  to  the  assembly  of  the  basic  blade,  or 
at  the  same  time  in  the  so-called  "one-shot V  final  bond. 

Other  root  retention  concepts  involve  wrapping  the  rein¬ 
forcing  fibers  of  plastic  spars  around  a  strong  metal  struc¬ 
ture,  proposed  for  (v)  and  (w)  above,  and  of  wrapping  the 
metal  spar  itself  around  a  metal  fitting,  as  in  (m)  . 
Compatibility  with  a  practical  root  retention  is  an  important 
consideration  in  the  choice  of  the  basic  blade  section  concept. 
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The  attachment  of  the  tip  hardware  is  also  a  significant  con¬ 
sideration.  A  tip  closure  must  be  provided,  and  balance 
adjustment  provisions  must  be  made,  since  the  tip  is  the  most 
effective  accessible  area  for  such  an  adjustment.  Consequently, 
structural  hard  points  must  be  available  that  are  capable  of 
carrying  several  pounds  of  mass  in  the  very  high  centrifugal 
force  field  existing  at  the  tip.  This  requirement  does  not 
present  a  serious  problem  in  blades  constructed  with  thick 
metal  spars  of  relatively  high  bearing  strengths,  but  the  use 
of  composite  materials  necessitates  special,  and  often  expen¬ 
sive,  treatment  of  the  tip  configuration. 

MATERIAL  CHOICES 

Material  selections  for  concepts  (a)  through  (z)  above 
range  from  steel  and  titanium  to  organic  honeycomb,  foam,  and 
wood.  In  structural  applications,  for  spars  and  trailing-edge 
splines,  metals  have  greater  bearing  strengths  and  shear  stiff¬ 
nesses  than  most  fiber-reinforced  plastics.  These  give  an 
immediate  advantage  in  the  provision  of  root  and  tip  attachment 
hard  points,  and  for  those  blades  where  the  spar  forms  a  large 
torsion  box,  in  torsional  stiffness.  However,  reinforced 
composites  generally  display  greater  damage  tolerance  and 
therefore  improved  survivability,  and  may  also  provide  better 
repairability.  Wood  has  been  used  in  the  past  for  major 
structure  because  of  its  ease  of  shaping  and  its  virtually 
limitless  fatigue  life  at  moderate  stresses  which  results  in 
conditional  repair  or  replacement.  Man-made  materials  are  now 
preferred  because  woods  vary  considerably  in  density  and 
strength  within  any  given  species,  because  wood  is  hygroscopic 
and  absorbs  and  expels  moisture  depending  on  the  ambient  rela¬ 
tive  humidity  if  not  well  sealed,  and  because  woodworking 
involves  much  hand  work  not  suitable  for  series  production. 

The  availability  of  aircraft-grade  lumber  is  limited  and  may 
become  costly. 

For  the  spar,  repairability  is  a  less  important  consideration 
than  the  technical  requirements  and  the  needs  for  damage 
resistance  and  tolerance.  As  was  discusred  in  the  design 
specification  approach,  the  skill  level  and  elapsed  time 
limitations  render  structural  repairs  by  replacement  of  highly 
stressed  material  undesirable,  if  not  unsafe.  With  repairs 
limited  to  blending  of  nicks  and  scratches,  the  choice  between 
metals  and  fibrous  composites  depends  on  other  considerations, 
such  as  damage  resistance,  damage  tolerance,  structural  require¬ 
ments,  and  material  and  fabrication  costs.  Metals,  in  the 
thicknesses  required  for  rotor  blade  spars,  are  generally  more 
damage  resistant  (i.e.,  a  given  incident  produces  less  damage) 
but  less  damage  tolerant  (i.e.,  a  given  amount  of  damage 
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produces  a  failure  more  quickly)  than  composite  materials. 
Material  costs  generally  favor  metals,  which  range  from 
aluminum  as  least  expensive,  to  titanium,  while  composites 
range  from  E'-glass-epoxy  to  boron,  carbon,  and  high-modulus 
organic  fibers.  These  two  ranges  have  a  wide  overlap,  so  that 
E-glass-epoxy  is  considerably  less  expensive  than  titanium, 
for  example.  Fabrication  cost  depends  on  the  proportion  of 
automated  processes  to  hand  work,  favoring  extruded  metal  and 
filament -wound  or  pultruded  composite  materials.  The  primary 
technical  consideration  is  that  of  torsional  stiffness.  High 
torsional  stiffness,  equivalent  to  that  of  the  current  UH-1H 
blade,  is  easily  provided  by  a  metal  spar,  even  without  sig¬ 
nificant  contribution  from  the  aft  skins.  The  low  shear 
modulus  of  the  plastic  matrix  prevents  the  attainment  of  ade¬ 
quate  shear  stiffness  with  the  fibers  oriented  parallel  to 
one  another,  so  that  a  significant  proportion  of  the  reinforcing 
fibers  must  be  laid  up  at  a  large  angle  to  the  span  axis. 

These  fibers  then  contribute  much  less  effectively  to  the 
bending  stiffness  and  axial  strength.  Figure  2  shows  the 
effect  of  fiber  orientation  on  axial  and  shear  stiffness,  and 
shows  that  the  latter  can  be  achieved  only  at  the  expense  of 
the  former.  High-modulus  fibers  will  allow  high  stiffnesses 
in  both  senses,  but  at  a  considerable  increase  in  cost. 

Because  of  this  torsional  stiffness  question,  it  appeared 
desirable  to  use  a  metal  spar,  because  the  program  goals 
would  not  be  directly  affected  by  this  material  choice.  If  a 
composite  spar  were  used,  the  risk  would  be  introduced  of  the 
program's  being  diverted  to  technical  development  involving 
extensive  dynamic  analysis  and  testing,  rather  than  developing 
the  reliability  and  maintainability  methodology.  As  techniques 
and  materials  are  improved  and  reduced  in  cost,  a  blade  of  all¬ 
composite  construction  may  become  cost  effective  within  the 
program  guidelines,  but  at  this  time,  further  development 
is  required.  Although  each  of  the  candidates  was  examined 
in  detail,  this  general  consideration  eliminated  composite 
spars  from  further  consideration. 

Rotor  blades  manufactured  entirely  of  nonmetallic  materials 
may  have  a  decided  advantage  in  combat  situations  where 
detectability  by  enemy  radar  equipment  presents  a  hazard. 

Metals  reflect  much  more  of  the  radar  energy  than  do  nonmetals, 
which  are  largely  transparent  to  it.  In  any  development  pro¬ 
gram  intended  to  achieve  minimum  detectability  for  a  helicopter, 
the  radar  cross  section  of  the  blades  must  be  considered,  and 
the  most  direct  approach  is  to  eliminate  metal  components  from 
the  blade  to  the  maximum  extent  possible.  A  more  complex, 
but  less  effective,  method  is  to  hide  any  metal  members  (the 
spar,  for  example)  behind  radar-absorbing  and  attenuating 
material.  However,  this  program  does  not  have  reduction  of 
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detectability  as  a  primary  objective,  the  goal  being  the 
levelopment  of  new  techniques  and  methodology  for  improved 
maintainability  and  reliability,  and  reduced  life-cycle  costs. 
Requirements  reyardinq  both  radar  and  acoustic  detectability 
are  therefore  not  major.  With  respect  to  radar  detectability, 
the  requirement  is  that  the  cross  section  be  no  greater  than 
that  of  the  current  UH-1H  blade.  A  similar  requirement  applies 
to  acoustic  detectability,  so  the  ability  to  form  exotic 
tip  shapes  is  not  needed.  Since  an  improvement  in  these 
characteristics  is  not  a  program  goal,  the  certainty  that  a 
metal  spar  can  meet  the  structural  requirements  of  torsional 
stiffness  and  root  and  tip  attachments  offers  the  minimum 
risk  program  and  becomes  the  overriding  consideration. 

Because  of  the  expendability  criterion,  the  more  expensive 
metals  such  as  titanium  were  eliminated  from  consideration  for 
the  spar.  Expensive  operations,  such  as  those  involving  ex¬ 
tensive  material  removal,  were  also  eliminated.  The  choice  of 
spar  material  thus  was  narrowed  down  to  extruded  aluminum  or 
formed  stainless-steel  sheet.  Extruded  aluminum  has  a  cost 
advantage,  while  stainless  steel  is  less  susceptible  to 
corrosion  and  abrasion.  For  equivalent  strength  and  stiffness, 
the  walls  of  the  aluminum  extrusion  are  about  three  times  the 
thickness  of  the  stainless-steel  sheet,  so  that  impact  resis¬ 
tance  favors  aluminum. 

With  a  metal  spar  whose  outer  surface  forms  the  forward  con¬ 
tour  of  the  airfoil  section,  leading-edge  protection  needs  to 
be  provided  only  against  sand  and  dust  abrasion.  Rain  erosion 
has  no  significant  effect  on  metal  leading  edges.  Stainless 
steel  itself  is  a  satisfactory  protective  material,  so  that 
the  stainless-steel  sheet  spar  needs  no  added  protection.  The 
aluminum  spar  has  thick  walls  which  can  withstand  a  large 
amount  of  material  loss,  particularly  near  the  tip  where  most 
abrasion  occurs,  before  becoming  structurally  hazardous,  while 
the  rate  of  weight  loss  is  approximately  equal  to  that  of 
stainless  steel.  The  dimensional  material  loss  is  approximately 
three  times  that  of  stainless  steel,  so  that  contour  degrada¬ 
tion  may  become  a  problem,  causing  a  drop  in  aerodynamic 
performance.  An  aluminum  spar  may  need  to  be  protected  against 
sand  and  dust  abrasion  for  the  last  reason.  Possible  leading- 
edge  protection  materials  include  stainless  steel,  cobalt 
alloy,  and  polyurethane.  The  high-strength  metal  alloys  have 
thermal  coefficients  of  expansion  such  that  special  treatment 
must  be  used  when  bonding  them  to  the  blade  so  that  built-in 
stresses  and  distortion  do  not  occur  during  cooling.  The 
thickness  of  the  protective  metal  must  be  great  enough  that  it 
does  not  wear  through  to  the  adhesive  layer.  If  this  occurs, 
the  thin  metal  may  peel  back,  with  a  result  much  worse  than 
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unprotected  aluminum.  Current  investigations  indicate  the 
possibility  of  replacing  metal  leading  edges  at  the  using 
unit  level,  but  this  concept  is  not  as  yet  proven  feasible,  so 
the  thickness  must  be  sufficient  to  last  for  the  full  opera¬ 
tional  life  of  the  blade.  Polyurethane  is  impervious  to  sand 
abrasion,  but  it  expands  laterally  under  raindrop  impact,  creating 
shearing  forces  in  the  adhesive  bond,  which  may  fai] .  In¬ 
creasing  thickness  of  the  polyurethane  sheet  reduces  this 
effect,  but  it  increases  the  centrifugal  load  per  unit  area  of 
adhesive.  These  effects  make  it  impossible  to  ensure  survival 
of  a  polyurethane  abrasion  sheath  for  the  full  operational 
blade  life,  so  the  adhesive  must  be  selected  so  that  the 
sheath  can  be  stripped  and  replaced  in  the  field  before  com¬ 
plete  failure  of  the  bond. 

The  aft  skins  and  core  are  secondary  structure  and,  because 
they  comprise  more  than  half  the  planform  area  of  the  blade, 
suffer  the  majority  of  the  damage,  particularly  that  defined 
in  the  damage  scenario.  Consequently,  the  aft  skins  must  be 
designed  to  have  maximum  repairability .  Thin  metal  skins 
cannot  be  patched  readily,  without  creating  stress  concentra¬ 
tions  both  at  the  edges  of  the  patch  and  the  edges  of  the 
hidden  damage.  The  potential  for  further  failure  cannot  be 
avoided.  On  the  other  hand,  experience  with  patches  on  fiber- 
reinforced-plastic  skins  has  been  good,  both  because  of  the 
relatively  low  modulus  and  therefore  low  stresses,  and  be¬ 
cause  of  the  slow  crack  growth  rates.  Weight  for  weight, 
reinforced  plastic  is  thicker  than  aluminum,  so  its 
impact  resistance  is  enhanced.  In  all-composite  blades,  the 
skin  carnot  be  treated  quite  so  simply,  because  the  skins  will 
carry  a  greater  proportion  of  the  blade  loads,  particularly  if 
the  aft  section  is  required  to  contribute  significantly  to 
the  torsional  stiffness.  The  total  area  which  may  be  patched 
before  appreciable  structural  degradation  occurs  will  be 
reduced  compared  to  designs  using  aluminum  or  steel  primary 
structure.  Skins  using  high-modulus  fibers  have  been  proposed, 
but  experience  to  date  indicates  high  cost  and  apparently  low 
impact  resistance.  A  filament-wound  composite  skin  using  a 
high-modulus  organic  fiber  (PRD-49)  is  under  development,  and 
shows  promise  of  extremely  high  abrasion  resistance  and  good 
impact  resistance,  as  well  as  contributing  the  torsional 
stiffness  lacking  in  all-composite  primary  structure.  The 
cost  increase  is  moderate,  at  approximately  $500  per  skin  set. 

For  the  aft  core,  the  plastic  foams  so  far  developed  are 
unsatisfactory  in  the  densities  acceptable  for  use  in  the  aft 
section.  Under  the  continual  periodic  flexing  of  the  blade, 
these  materials  tend  to  break  up.  Balsa  wood  can  be  used,  but 
it  suffers  from  the  deficiencies  outlined  above  for  woods  in 
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general.  The  remaining  choices  are  various  forms  of  bonded 
honeycomb  made  from  either  thin  aluminum  alloy  sheet  or  poly¬ 
amide  paper.  The  latter  is  slightly  more  expensive,  but  it  is 
easier  to  work,  reducing  scrap  and  fabrication  costs,  and  is 
more  resilient,  so  equal  damage  to  the  skin  results  in 
less  damage  to  the  polyamide  core  than  to  the  aluminum  core. 
Because  of  its  resilience  and  ease  of  handling,  polyamide 
paper  can  be  used  in  densities  lighter  than  aluminum  foil, 
easing  the  design  constraints  from  balance  requirements  on 
the  blade  as  a  whole.  Unless  impermeably  sealed,  aluminum 
foil  is  subject  to  corrosion,  which  does  not  affect  the  non- 
metallic  paper.  Metal  foil  inside  nomietal  skins  is  an 
unfavorable  combination  in  the  event  of  a  lightning  strike, 
since  the  foil  may  explode,  causinq  severe  damage.  The  poly¬ 
amide  paper,  being  a  nonconductor  as  well  as  the  skins, 
merely  melts.  For  all  these  considerations,  the  choice  of  an 
aft  section  core  material  is  limited  to  polyamide  paper  honey¬ 
comb  at  its  lowest  available  density. 

Since  these  blades  must  fly  on  a  two-bladed  teetering  rigid- 
in-plane  rotor,  the  in-plane  natural  frequencies  and  therefore 
stiffness  are  of  prime  importance.  The  trailing-edge  spline 
is  a  primary  structural  member,  subject  to  the  same  repair 
limitations  as  the  spar.  The  choice  of  spline  material  is 
dictated  by  technical  and  manufacturing  considerations. 

Ideally,  for  compatibility  of  thermal  contraction  after  bonding, 
the  spline  should  be  of  the  same  material  as  the  spar.  This  is 
satisfactory  with  aluminum,  but  a  steel  spline  would  be  too 
small  outboard  to  provide  adequate  surface  area  for  bonding 
to  the  skin.  Hence  with  a  stainless-steel  spar  the  spline 
will  be  of  unidirectional  glass-fiber-reinforced  plastic, 
whose  thermal  coefficient  of  expansion  is  close  to  that  of 
stainless  steel.  These  combinations,  aluminum  with  aluminum 
and  stainless  steel  with  unidirectional  glass-epoxy,  will 
avoid  the  necessity  for  straining  components  during  final 
assembly  to  avoid  locking  stresses  in  during  cooling. 

PRELIMINARY  EVALUATION  AND  FURTHER  SELECTION 

Concepts  (a)  through  (z)  above  have  been  examined  with  respect 
to  the  reliability,  maintainability,  cost,  and  technical 
characteristics  of  fabrication  techniques  and  materials. 
Individually,  these  preliminary  evaluations  are  listed  below. 

a.  This  concept  is  a  compromise  arrived  at  in  the  design  study 
of  Reference  2,  and  it  represents  the  most  cost-effective 
approach  to  a  repairable  blade. 
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b.  The  best  feature  of  this  concept,  the  reinforced  plastic 
aft  skins,  was  incorporated  in  (a). 

c.  Tu  titanium  spar  increases  the  repairable  area,  but  it 
aHds  unacceptably  to  the  cost. 

d.  This  concept  has  characteristics  similar  to  those  of  (a) , 
but  the  stepped  extrusion  providing  the  root  end  integral 
with  the  spar  is  more  expensive  than  the  laminated  buildup. 

e.  The  composite  material  makes  the  spar  unacceptably  costly, 
according  to  the  analysis  of  Reference  2,  and  the  torsional 
stiffness  is  questionable. 

f.  This  concept  is  the  least  expensive  of  the  expendable 
blades,  but  the  aft  section  is  neither  damage  resistant 
nor  very  repairable. 

g.  This  blade  concept  gave  the  lowest  life-cycle  costs  of  the 
four  studied  in  Reference  3,  but  subsequent  study  showed 
that  the  stainless-steel  spar  was  priced  unrealistically 
low,  and  that  the  basic  advantages  lie  with  the  repair- 
ability  of  the  aft  section,  although  the  rugged  spar  is 

a  contributor. 

h.  The  chord-plane  shear  web  is  attractive  because  of  its 
anticipated  reduced  vulnerability.  However,  the  extra 
pair  of  glue  lines  and  the  third  sheet  of  material  mean 
that  the  external  skins  have  to  be  very  light  to  maintain 
section  balance.  Through  damage  is  unrepairable. 

i.  The  thin-walled  extruded  aft  section  is  extremely  expen¬ 
sive,  if  not  impossible  to  obtain. 

j.  In  common  with  the  other  sectionalized  blades,  the 
necessity  for  providing  a  solid  trailing-edge  spline,  for 
in-plane  stiffness,  forces  the  cost  of  the  removable  aft 
section  pockets  and  the  accompanying  fastener  provisions 
to  go  so  hiqh  that  tie  concept  is  not  cost-effective. 

k.  Again,  the  sectionalized  approach  is  not  cost-effective, 
and  the  all-glass-f iber-reinforced-plastic  construction 
may  give  difficulty  in  meeting  dynamic  requirements. 

l.  This  concept  was  abandoned  from  the  study  in  Reference  4 
because  of  its  complexity. 

m.  In  addition  to  the  inherent  disadvantage  of  the  sectional¬ 
ized  approach,  a  seamless  tube  more  than  twice  the  length 
of  the  blade  is  currently  impractical. 
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n.  Although  simplified  from  (j),  this  version  of  the  section- 
aliped  blade  iR  not  cost-effective. 

o.  Using  bonded  attachments,  the  cost  and  complexity  of  the 
blade  are  reduced,  but  the  replaceability  of  the  aft  boxes 
suffers  to  the  extent  that  (n)  is  preferred. 

p.  This  concept  is  similar  to  (a) ,  but  the  spar  can  be  a  one- 
piece  extrusion  to  reduce  cost,  while  the  degree  of  re- 
pairability  available  at  the  spline  does  not  justify  the 
use  of  fiber-reinforced  plastic. 

q.  The  acquisition  cost  of  the  three-piece  sheet-metal  spar 
is  slightly  higher  than  that  of  (p) ,  while  the  vulner¬ 
ability  and  repairability  remain  approximately  the  same. 

r.  The  cost  and  torsional  stiffness  objections  to  a  composite 
spar  apply  to  this  blade,  although  Reference  5  suggests 
that  costs  will  become  competitive  by  1980. 

s.  Again,  the  cost  and  stiffness  questions  do  not  appear  to 
be  adequately  answered. 

t.  The  pultrusion  process,  when  fully  developed,  ray  reduce 
costs,  while  the  use  of  high-modulus  carbon  fibers  in  'he 
skin  may  provide  adequate  stiffness.  These  developments 
are  not  expected  during  the  time  frame  of  this  program. 

u.  This  is  similar  to  (p)  in  characteristics,  and  the  pul- 
truded  skins  may  reduce  costs  sufficiently  to  offset  the 
anticipated  increase  in  spar  extrusion  costs.  Again, 
this  is  a  future  development  not  ready  for  this  program. 

v.  This  is  a  very  interesting  concept  because  of  its  evident 
survivability  after  ballistic  damage.  However,  the 
torsional  stiffness  is  inadequate,  and  the  design  of  the 
root  retention  must  be  complex  and  expensive  because  of 
the  necessity  for  attaching  a  multitude  of  basic  struc¬ 
tural  members.  Through  damage  is  probably  unrepairable 
because  almost  all  of  the  planform  encloses  primary 
structure.  The  unusual  internal  configuration  would 
require  special  tools  for  patch  procedures.  The  filament 
winding  process  is  highly  automated  and  inexpensive, 

so  the  basic  blade  section  is  relatively  inexpensive, 
but  the  costs  of  the  root  and  tip  must  yet  be  defined. 
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w.  The  use  of  high-modulus  organic  fiber  in  the  skins  re¬ 
stores  adequate  torsional  stiffness,  as  well  as  increases 
damage  resistance.  However,  development  of  this  concept 
has  notfyet  progressed  to  a  point  where  the  basic  goal  of 
the  program,  that  of  determining  reliability  and  main¬ 
tainability  design  methodology,  can  be  met  with  the  cer¬ 
tainty  that  an  extensive  technology  development  diversion 
can  be  avoided. 

x.  The  varieties  of  this  concept  all  leave  the  basic  torsional 
stiffness  concern  unanswered.  Material  costs  are  higher 
than  those  of  aluminum,  although  it  is  possible  that  auto¬ 
matic  processing  can  reduce  fabrication  costs. 

y.  The  metal  structural  members  provide  hard  points  at  root 
and  tip,  and  add  torsional  stiffness,  but  the  production 
cost  adds  that  of  the  metal-forming  technique  to  that  of 
the  fiber  impregnation,  layup,  and  cure.  This  may  be  a 
relatively  inexpensive  and  reliable  way  to  achieve  ad¬ 
vanced  geometry  in  the  near  future. 

z.  The  objections  to  wood  in  series  production  have  been  out¬ 
lined  above. 

In  the  light  of  the  foregoing  evaluation  of  possibilities,  the 
selections  of  materials  and  fabrication  techniques  became  as 
follows: 

Spar:  Extruded  aluminum,  or  stretch-formed  stainless-steel 
sheet  to  provide  the  possibility  of  advanced  geometry. 

Leading-Edge  Abrasion  Protection:  Bare  metal,  or  removable/ 
replaceable  polyurethane. 

Leading-Edge  Ballast:  Integral  with  the  spar. 

Aft  Skins:  Glass-fiber-reinforced  plastic,  or  high-modulus 
organic-fiber-reinforced  plastic,  with  fibers  oriented  for 
shear,  rather  than  axial,  stiffness. 

Aft  Core:  Polyamide  paper  honeycomb. 

Trailing-Edge  Spline:  Extruded  aluminum  with  the  aluminum 
spar,  or  unidirectional  glass-fiber-reinforced  plastic  with 
the  stainless-steel  spar. 

Root  Reinforcement:  Built-up  laminations,  with  materials 
selected  for  compatibility  with  the  basic  blade. 
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SELECTED  DESIGN  APPROACHES 


From  the  foregoing  discussion  and  evaluation,  twelve  different 
design  variations  were  selected  for  further  investigation. 

Detail  drawings,  manufacturing  cost  estimates,  technical 
analyses,  operational  analyses  covering  failure  predictions 
and  maintainability  estimates,  repair  schemes,  and  life -cycle 
costs  were  developed  for  these  concepts.  For  some  of  these 
analyses,  the  twelve  concepts  could  be  divided  into  fewer 
subgroups  in  which  all  the  design  features  relevant  to  a 
particular  analysis  were  alike.  However,  each  of  the  twelve 
concepts  represents  a  different  combination  of ‘manufacturing 
cost,  reliability,  repairability ,  and  technical  characteristics. 

The  significant  design  features  of  the  twelve  concepts,  to¬ 
gether  with  their  unit  prices  estimated  both  for  mid-1971  and 
mid-1976,  are  presented  in  Table  I.  Figures  3  through  9 
present  the  general  arrangements  of  the  basic  families  of 
these  concepts,  and  typical  sections  through  their  respective 
structures . 

CHOICE  OF  FABRICATION  TECHNIQUES 

Standard  industry  practice  uses  adhesive  bonding  to  assemble 
the  blade.  As  developed  over  the  years,  this  has  become  by  far 
the  most  vilely  used  method  of  obtaining  a  reliable  rotor 
blade.  Stress  raisers,  such  as  are  created  by  mechanical 
fasteners,  are  avoided,  an  essential  feature  of  any  structure 
intended  to  operate  in  a  high-fatigue-loading  environment. 

Other  methods  of  joining,  such  as  brazing  ,  soldering,  and 
welding,  have  been  used,  but  structural  adhesives  have  now 
been  developed  to  a  point  where  the  other  methods  show  no  ad¬ 
vantage.  Utilizing  contractor  and  general  industry  experience, 
adhesive . bonding  will  be  used  throughout  the  blade. 

Methods  of  fabrication  of  major  structural  details  are  crucial 
in  determining  the  blade  price.  For  the  main  spar,  which  the 
previous  section  shows  should  be  metal,  the  choices  of  forming 
methods  are  extrusion,  rolling,  or  stretch-pressing.  Of  the 
three,  the  first  is  the  least  expensive,  while  the  third  pro¬ 
vides  the  only  opportunity  to  vary  the  section  shape  along 
the  span.  Because  of  the  tolerance  on  blade  twist,  the  full 
cost  advantage  of  extrusion  is  not  realized,  because  the 
solid  spar  must  be  twisted,  in  a  stretch  press,  before  bonding. 
Sheet-metal  spar  components,  and  all  the  other  spanwise  blade 
components,  have  little  torsional  stiffness,  so  the  final 
bonding  fixture  will  set  the  twist,  which  becomes  locked  in 
when  the  torsion  cells  are  closed.  However,  an  extruded 
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TABLE  I.  DESIGN  CONCEPTS  EXAMINED 
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Figure  3.  Concept  1. 
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Figure  4.  Concept  3. 


ROOT  DOUBLE  R 
(TYP) 

/ 

.  / 


\  i  i 
i 

SI  AGQCXJ 

STA  62.50 


Preceding  page  blank 


31 


NOS!-  SKIN 


'i 


UNIDIRECTIONAL  f 
GLASS  CLOTH 


< 


46* 


SKINI4  PliES - 

ipo  a  ass  cloth  Vcore 


/aft  skin  buhdupV 

[  ENLARGED  VIEW  \ 


Ill 


Skin  huh  i h i‘N 
HARf-ilWilW  ^ 


i 

DIRECTION  OF  WARP 
Al  1 1  INNATE  l  AYE  RS 
UNIDIRECTIONAL  01  ASS  ClOlH  / 
?  HIES 


DIRECTION  OF  WARP 
120  GL  ASS  MOT  H 


AFT  SKIN 


TOOLING  TAb 
l«l  GLASS  CLOTH 


ENLARGED  VIEN1 


F(  i^AAPj  C/iANNi  l 


,  -  aft  channel 


NOSE:  WEIGH!  x 


I 


UNiDiRtC  ’  J'i A: 
jLASS  Cl  Ct  h(T  TR 


I 

t 

A;  T  SK.N 


gta^igdo 


STA256JOO 


EW 


Channel  none  whghi  \ 


STA256JOO 


UNIDIRECTIONAL 
GLASS  CLOTH  (TYP) 


TAB 

15  CLOTH 


AFT  SKIN 


STA  2IQOO 


TE  SPLINE 
ENLARGED  VIEW 


AFT  CHANNEL 


NOSE  WEIGHT- 


fflfM 


9  N'.K'iM 


V  N9<SJG 


CNOfSBQ 


2N9IS.-KJ 


I N9KJ0 


TrmT''fr  M7 


Preceding  page  blank 


oowivjgiv  *  ,n  jt  i  :j  i 


Figure  6.  Blade  Sections  at  Station  26 


Preceding  page  Meek 


I  N9ISJQ 


SECTIONS  AT  STA  2880 

Figure  9.  Blade  Sections  Extrapolated  to  station  288. 


aluminum  spar  retains  a  cost  advantage  over  stainless-steel 
sheet . 

For  the  remaining  blade  components,  the  discussion  in  the 
previous  section  has  eliminated  most  options.  The  skins  will 
be  precured,  the  core  will  be  carved  to  contour  (one  or  both 
sides)  by  standard  techniques,  and  the  trailing-edge  spline 
will  be  either  extruded  and  machined,  or  molded  to  shape. 

A  choice  of  fiber  layup  methods  for  the  skin  is  available, 
using  either  preimpregnated  cloth  or  filament  winding.  The 
latter  is  suggested  for  use  with  advanced  fibers,  where  the 
availability  of  preimpregnated  fabrics  is  limited.  Filament 
winding  is  a  highly  automated  procedure  which  shows  promise 
of  reducing  the  cost  of  skins  using  any  fiber,  including 
glass,  in  future  applications. 

The  root  reinforcing  doublers  should  be  designed  so  that  they 
all  have  the  same  outboard  planform  so  that  costs  can  be 
saved  by  routing  them  as  a  stack,  or  stamping  them  out  with  a 
single  blanking  die.  In  large  quantity  production  this  ad¬ 
vantage  is  small,  affecting  primarily  the  nonrecurring  costs, 
but  the  technical  advantage  of  using  dissimilar  planfcrms  is 
negligible.  Thick  aluminum  doublers  will  have  to  be  formed 
to  contour  before  bonding,  because  the  bonding  pressure  will 
not  be  enough  to  bring  them  down  and  the  locked-in  stresses 
in  the  adhesive  layers  would  be  undesirable,  but  the  relatively 
thin  stainless-steel  doublers  will  drape  to  the  contour  under 
light  pressure. 

CHOICE  OF  MATERIALS 


The  choices  of  fabrication  processes  and  of  materials  cannot 
be  made  independently  of  one  another,  and  the  general  selections 
of  both  were  made  in  the  discussion  above.  However,  the  choices 
of  specific  alloys,  adhesive  formulations,  glass  fabrics,  and 
other  details  must  be  made  to  conform  as  closely  as  possible 
with  the  requirements  of  the  design  specification  and  fabri¬ 
cation  techniques. 

For  the  extruded  spar,  6061  alloy  in  the  T651  condition 
(solution  heat-treated  and  artificially  aged,  stress-relieved 
by  stretching)  is  selected.  This  alloy  has  relatively  low 
yield  and  ultimate  strength,  but  it  is  one  of  the  most  easily 
extruded  alloys,  has  good  fracture  toughness,  and  has  a  fatigue 
endurance  limit  comparable  with  that  of  the  harder  alloys.  Its 
resistance  to  environmental  and  stress  corrosion  compares 
favorably  with  that  of  other  commonly  used  aluminum  alloys. 
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For  the  sheet  metal  spar,  AISI  301  stainless  steel  wr.s  chosen, 
primarily  because  of  the  considerable  backlog  of  industry 
experience  in  the  use  of  this  alloy  for  helicopter  rotor  blades. 
The  sheet  would  be  procured  in  the  ^-hard  to  h-hard  condition, 
the  hardness  being  determined  by  the  necessity  to  form  the 
minimum  bend  radii.  The  strength  will  increase  locally  due 
to  work-hardening  during  forming,  but  the  yield  and  ultimate 
strengths  remain  low  in  comparison  with  other  steels.  301 
alloy  is  one  of  the  most  successful  materials  used  for  corro¬ 
sion  and  abrasion  protection  of  rotor  blades,  exhibits  good 
fracture  toughness,  and  has  good  fatigue  strength  provided 
the  sheet  edges  are  carefully  treated  to  eliminate  microscopic 
machining  cracks. 

Both  of  these  choices  of  spar  material  exhibit  low  yield  and 
ultimate  strengths  in  comparison  with  other  alloys  of  the 
same  base  metals,  but  because  the  design  concepts  use  a 
relatively  heavy  spar  to  provide  chordwise  section  balance, 
static  stresses  are  low.  Other  design  criteria  become 
dominant . 

For  the  aft  skins,  the  primary  choice  is  preimpregnated  glass 
fabric.  For  shear  stiffness,  a  major  proportion  of  the  glass 
fibers  have  to  be  laid  up  at  45°  to  the  blade  axes.  Glass 
fibers  are  available  in  two  grades,  E  and  S,  the  latter  having 
higher  modulus  and  strength  but  considerably  higher  cost  than 
the  former.  The  cost  difference  was  much  more  significant  than 
the  structural  advantages,  in  the  context  of  this  program,  so 
E-glass  was  chosen.  The  basic  structure  of  the  skin  consists 
of  two  layers  of  unidirectional  glass  fabric  laid  up  perpendi¬ 
cular  to  each  other  and  at  +  45°  to  the  blade  span  axis.  These 
layers  are  each  .0075  inch  thick  for  a  combined  thickness  of 
.015  inch.  The  two  unidirectional  layers  are  sandwiched  be¬ 
tween  two  layers  of  square-woven  glass  cloth,  which  serve  to 
hold  the  skin  assembly  together,  easing  handling  problems  in  the 
cured  sheet  form  and  providing  a  slightly  more  rugged  surface 
in  operation.  Each  of  these  surface  layers  is  .004  inch  thick, 
giving  the  skin  a  nominal  total  thickness  of  .023  inch.  Weight 
for  weight,  this  is  approximately  equal  to  . 016-inch-thick  alum¬ 
inum  alloy. 

The  secondary  choice  of  skin  material  is  a  filament-wound  wet 
layup  using  a  recently  developed  advanced  organic  fiber  with 
the  trade  name  PRD-49.  This  fiber  has  excellent  tensile 
characteristics,  both  modulus  and  strength,  and  demonstrates 
excellent  abrasion  resistance.  A  serious  drawback,  which 
originally  prevented  widespread  acceptance  of  this  fiber,  is 
a  negative  coefficient  of  expansion.  When  the  fibers  are  used 
as  one  element  of  a  composite  material  using  a  heat-curing  resin 
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system,  this  characteristic  results  in  locked-in  internal 
stresses  (compression  in  the  fibers,  tension  in  the  resin) 
after  cooling.  This  problem  is  compounded  by  the  poor 
compressive  strength  of  PRD-49.  The  locked-in  stresses  and 
associated  strain  energy  mean  very  poor  impact  resistance 
although  the  fibers  themselves  are  extremely  resilient  and 
tough.  Recently-developed  resin  systems  combined  with  filament 
winding  which  pre-tensions  the  fibers  have  largely  eliminated 
the  problem  of  locked-in  stresses.  The  cost  of  these  new 
processes  and  materials  is  not  well  defined,  but  it  is  expected 
to  approximate  an  increase  of  $500  in  price  per  skin  set 
in  quantity  production. 

For  the  aft  core,  a  honeycomb  formed  of  polyamide  paper  sheet 
("Nomex"  is  a  trade  name  for  the  material)  was  chosen  rather 
than  the  next  most  practical  alternate,  aluminum  honeycomb. 
Although  slightly  higher  in  price,  the  polyamide  honeycomb 
has  a  number  of  advantages.  Technically,  because  it  is  less 
flimsy,  it  can  be  handled  at  lower  densities  than  aluminum, 
facilitating  blade  balance;  in  manufacture,  it  conforms  to 
contour  more  readily  without  cell  walls  buckling,  and  it  has  a 
lower  scrap  rate  because  of  its  ease  of  handling;  and  in 
operation,  it  will  not  corrode,  is  less  severely  damaged  by 
lightning  strikes,  is  more  resilient  and  therefore  more  dent- 
resistant,  and  is  expected  to  be  more  easily  repaired.  The 
core  material  chosen  for  all  the  concepts  is  hexagonal  honey¬ 
comb  of  polyamide  paper,  with  1/8  inch  cell  size  and  1.8 
lb/cu  ft  density. 

The  material  of  the  trailing-edge  spline  is  chosen  for  thermal 
contraction  compatibility  with  the  material  of  the  spar.  On 
cool-down  after  bonding,  if  the  spline  contracts  by  an  amount 
significantly  different  from  that  of  the  spar,  built-in  strains 
will  result,  and  the  blade  will  probably  be  warped.  This 
effect  can  be  avoided  by  straining  the  components  during  the 
bond  cure  cycle,  which  adds  cost  and  complexity  to  the  bonding 
fixture  and  increases  the  labor  required,  or  by  minimizing  the 
differential  contraction.  The  latter  approach  is  obviously 
preferable.  Consequently,  for  those  concepts  having  aluminum 
spars,  aluminum  trailing-edge  splines  are  also  selected.  The 
same  considerations  apply  to  the  spline  as  to  the  spar,  so  that 
6061-T651  is  again  chosen. 

The  high  density  of  stainless  steel  complicates  the  choice  of 
spline  material  for  those  blades  having  stainless-steel  spars. 
To  provide  favorable  section  balance,  the  spline  would  have 
to  be  so  small  in  section  that  too  little  surface  area  would 
be  available  for  bonding  to  the  skins.  The  chosen  alternative 
is  to  use  unidirectional  glass-fiber-reinforced  plastic,  which 
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has  a  coefficient  of  thermal  expansion  close  to  that  of  stain¬ 
less  steel,  and  only  one  quarter  of  the  density.  To  minimize 
section  balance  problems  without  compromise  to  inplane  stiff¬ 
ness  and  strength  requirements,  F-glass  is  chosen  in  spite  of 
its  higher  cost  than  E-glass.  To  provide  a  chordwise  tie  for 
the  spanwise  filaments  which  are  otherwise  held  together  by 
resin  only,  a  single  ply  of  square-woven  cloth  is  buried  on  the 
chord  plane.  This  layer  is  extended  aft  beyond  the  trailing- 
edge  trim  line,  providing  a  tab  to  hold  the  spline  against 
slipping  forward  under  bonding  pressure.  The  skins  can  be 
brought  back  to  the  trailing  edge,  so  the  spline  is  a  simple 
triangular  shape  rather  than  a  keystone. 

The  choice  of  materials  for  the  root  reinforcement  is  based  on 
those  used  in  the  current  UH-1H  blade,  since  the  root  area  is 
virtually  unrepairable  in  the  field,  except  for  simple  blending 
operations?  therefore,  repairability  is  not  a  criterion.  Techni¬ 
cally,  the  root  reinforcement  has  to  perform  the  same  function, 
independent  of  the  design  of  the  basic  blade  section,  so  there 
is  no  reason  to  select  different  materials.  For  compatibility 
with  the  stainless-steel  spar,  stainless-steel  doublers  were 
selected,  of  .012  inch  thickness  for  weight  equivalent  to  the 
standard  .032  inch  aluminum.  Because  these  relatively  thin 
doublers  will  conform  to  the  contour  without  previous  forming, 
this  material  was  also  considered  for  two  of  the  blades  with 
aluminum  spars,  and  prices  were  obtained  for  this  combination 
(Concepts  9  and  10  in  Table  I) . 

CHOICE  OF  AIRFOIL  SECTION 

A  significant  part  of  the  manufacturing  cost  of  the  blade  con¬ 
cepts  is  in  the  machining  of  the  aft  core  to  the  airfoil  con¬ 
tour.  A  considerable  portion  of  this  cost  can  be  saved  by 
simplifying  the  airfoil  section  to  provide  flat  surfaces  over 
the  aft  section  enclosing  the  core.  The  core  then  needs  to  be 
carved  on  one  side  only,  and  with  straight  cuts.  The  possibili¬ 
ties  of  such  an  airfoil  are  explored  in  Reference  3. 

The  simplified  airfoil  is  based  on  an  NACA  0015  airfoil,  with 
a  16. 8 -inch  chord,  extended  by  straight  lines  tangent  to  this 
surface  to  give  a  total  chord  of  21.0  inches.  The  trailing-edge 
thickness  is  made  the  same  as  that  of  the  standard  21.0 -inch 
NACA  0012  section,  so  the  tangent  points  are  8.87  inches  from 
the  leading  edge. 

Technically,  this  simplified  airfoil  provides  some  advantages  in 
chordwise  balance,  because  the  point  of  maximum  thickness  is 
moved  closer  to  the  leading  edge.  More  volume  is  available  in 
the  leading  edge  than  in  that  of  the  standard  section,  and  the 
aft  section  is  thinner. 


45 


Aerodynamically,  the  significant  parametric  change  is  in  the 
leading-edge  radius,  which  is  increased  over  that  of  the 
standard  section.  The  effects  of  this  change  are  examined  in 
the  technical  section. of  this  report.  The  forward  movement 
of  the  point  of  maximum  thickness  is  not  expected  to  have  any 
significant  effect  on  the  center  of  pressure  or  on  the  lift 
curve  slope. 

In  Table  I,  the  odd-numbered  concepts  have  the  modified  air¬ 
foil  with  straight-sided  aft  section,  while  the  even-numbered 
concepts  use  the  standard  NACA  0012,  21.0-inch-chord  airfoil. 
The  differences  between  the  airfoils  are  shown  graphically 
in  Figures  6  through  9. 

CONCEPTS  WITH  EXTRUDED  ALUMINUM  SPARS 


Eight  of  the  blade  concepts  listed  in  Table  I  have  extruded 
aluminum  spars.  These  are  Concepts  1,  2,  7,  8,  9,  10,  11, 
and  12.  Because  they  differ  from  one  another  only  in  detail, 
Figure  3  is  representative  of  all  eight,  except  that  the 
removable  and  replaceable  polyurethane  leading-edge  abrasion 
sheath  of  Concepts  7  and  8  is  not  shown. 

It  can  be  seen  that  the  standard  airfoil  costs  $73  more 
than  the  simplified  airfoil,  in  mid-1971  costs.  The  leading- 
edge  abrasion  sheath  adds  $25  per  blade.  In  spite  of  the 
elimination  of  pre-forming,  the  stainless-steel  doublers  are 
more  expensive  than  aluminum  alloy,  partly  because  the 
material  itself  is  slightly  more  expensive,  but  primarily 
because  of  an  increase  in  machining  cost  in  cutting  the 
planform.  For  Designs  11  and  12,  which  have  filament-wound 
PRD-49  composite  skins,  S500  per  blade  has  been  added  to  the 
cost. 

CONCEPTS  WITH  FORMED  SHEET  STAINLESS-STEEL  SPARS 

Concepts  3  through  6  have  spars  assembled  from  formed  stainless 
steel  sheet.  Concepts  3  and  4  use  stretch  pressing  to  form 
the  shapes  of  the  spar  members,  and  in  Concepts  5  and  6,  these 
components  are  rolled.  Figure  4  shows  the  general  arrangement 
of  Concepts  3  and  4  and  Figure  5  that  of  Concepts  5  and  6. 

The  sections  are  shown  in  Figures  6  through  9. 

In  Concepts  3  and  4,  advantage  is  taken  of  the  capability  of 
stretching  to  allow  a  variation  in  shape  along  the  part.  To 
assist  the  desired  forward  movement  of  the  center  of  gravity 
with  increasing  radius,  the  vertical  web  of  the  forward 
channel  is  allowed  to  move  forward.  At  the  same  time,  a 
technically  desirable  flapwise  stiffness  taper  is  obtained 
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TECHNICAL  ANALYSIS 


In  the  preliminary  design  phase,  the  technical  characteristics 
and  design  features  of  the  current  UH-1H  main  rotor  blade  were 
used  as  the  basis  for  the  design  of  the  field  repairable/ 
expendable  blade  concepts.  The  weight  and  balance 
characteristics  and  section  properties  were  matched  as  closely 
as  possible  to  those  of  the  current  blade.  The  design 
specification,  of  course,  was  written  with  this  objective. 
Aerodynamically ,  the  only  change  is  the  alternate  airfoil 
section  described  above. 

By  designing  each  blade  to  have  section  properties  as  close 
as  possible  to  those  of  the  current  blade,  the  predicted 
dynamic  characteristics,  natural  frequencies  and  flight 
bending  moments,  were  quite  similar,  and  structural  margins 
of  safety  and  fatigue  lives  differ  very  little,  primarily 
due  to  material  changes. 

CURRENT  UH-1H  MAIN  ROTOR  BLADE  CHARACTERISTICS 

The  contractor's  standard  computer  programs  were  used  to 
determine  the  characteristics  of  the  current  blade  so  that 
this  and  the  field  repairable/expendable  concepts  would  be 
compared  on  the  same  bases. 

Table  II  gives  the  computer-derived  weight  and  balance 
characteristics.  Actual  used  UH-lD/H  main  rotor  blades  were 
weighed  on  the  contractor's  balance  fixture  to  confirm  these 
values.  Since  the  computer  program  integrates  section 
properties  to  obtain  weight  and  balance  data,  the  physical 
weighing  also  served  as  partial  confirmation  of  the  section 
property  computations. 

The  section  properties  computed  for  the  current  blade  are 
plotted  in  Figures  10  through  15,  and  the  natural  frequencies 
and  computed  flight  bending  moments  are  presented  in  Figures 
16  through  18. 

SECTION  PROPERTIES 

The  section  properties  of  the  basic  concepts  were  computed 
and  plotted.  Concepts  1  through  6  are  significantly  different 
from  one  another,  but  Concepts  7  through  12  are  detail 
variations  from  Concepts  1  and  2,  and  can  be  considered 
technically  identical — Concepts  7,  9,  and  11  with  Concept  1, 
and  Concepts  8,  10,  and  12  with  Concept  2. 

The  section  property  plots  for  Concept  2  are  presented  in 
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TABLE  II. 

WEIGHT  AND  BALANCE, 

CURRENT  UH-1H  BLADE 

i  i 

CURRENT  UH-1H  BLADE 

(NOMINALLY  BALANCED,  AS  WEIGHED,  WITH  TRIM  TAB  AND  PAINT)  1 

BLADE  WEIGHT 

AND  BALANCE  i 

!  TOTAL  BLADE  WEIGHT 

•  203.495  POUNDS 

MOMENT  ABOUT 

CENTER  OF  ROTATION  •  28959.5  LB-IN. 

SPANWISE  CENTER  OF  GRAVITY 

•  142.31  IN.  PROM  C.  ROT. 

CHORDWISE  CENTER  OF  GRAVITY  -  5.74233  IN.  FROM  L.  E.  1 

DYNAMIC  MASS 

AXIS 

-  5.03968  IN.  FROM  L.  B. 

(X.E.  SPAN-WEIGHTED  CHORDWISE  CENTER  OF  GRAVITY) 

INERTIA  ABOL' 

CENTER  OF  ROTATION  •  1228.84  j 

CENTRIFUGAL  LOADING  AT  ONE 

(1.0)  RADIAN/SECOND  i 

SPAN  STATION 

CENTRIFUGAL 

IN -PLANE  BENDING 

(RADIUS) 

FORCE 

MOMENT  ABOUT  N.  A. 

(INCHES) 

(POUNDS) 

(LB-IN.,  4  FOR  L.  E .  IN  TENSION)  | 

24.  SO 

74.95 

15.76 

2S.0C 

74.81 

266.51 

11.80 

73.33 

119.11 

45.90 

71.70 

87.46 

60.00 

69.65 

50.75 

70.50 

68.06 

71.58 

81.00 

66.50 

65.06 

95.50 

64.13 

65.88 

110.00 

61.80 

1.  .13 

125.60 

59.31 

14.86 

141.20 

56.49 

16.83 

156.80 

53.34 

19.03 

172.40 

49.86 

21.45 

188.00 

46.04 

-16.09 

210.00 

38.95 

-14.90 

227.00 

31.07 

-13.57 

244.00 

26.73 

16.73 

256.57 

71.47 

-6.78 

272.50 

14.77 

-5.51 

282.50 

9.18 

-4.42 

288.00 

0.00 

0.00 

STATIC  BENDING  (DROOP)  AT 

L.OGi 

STAN  STATION 

BENDING  MOM 

DEFLECTION 

(INCHES) 

(LB-IN.) 

(INCHES) 

24.50 

2397.18 

0.00 

25.00 

22877.98 

0.00 

31.90 

2257V. 30 

0.00 

45.90 

20136.67 

0.03 

60.00 

17916.32 

0.10 

70.50 

16391.06 

Q.  18 

81.00 

14957.15 

0.29 

95.50 

13103.7b 

0.52 

110.00 

11388.09 

0.81 

125.60 

9680.11 

1.21 

141.20 

8099.65 

1.68 

156.80 

6646.71 

2.22 

172.40 

5321.28 

2.28 

188.00 

4123.38 

3.46 

210.00 

2675.45 

4.41 

227.00 

1762.09 

5.18 

244.00 

1025.59 

5.96 

256.57 

597.44 

6.55 

272.50 

197.43 

7.30 

282.50 

34.18 

7.77 

288.0  0 

0.00 

8.03 
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Current  UH-1H  Blade. 
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Figure  12.  Axial  Stiffness  Distribution,  Current  UH-1H  Blade 


Blade  Station 
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Figure  14.  Flapwise  Bending  Stiffness  Distribution ,  Current  UH-1H  Blade. 


Figure  15.  In-Plane  Bendina  Stiffness  Distribution,  Current  UH-1H  Blade 


igure  17.  Dyna: 


Figures  19  through  24,  and  are  typical  of  those  obtained  for 
all  the  concepts. 

WEIGHT  AND  BALANCE 

The  computer  output  for  Concept  2  is  shown  in  Table  III,  and 
Table  IV  summarizes  the  weight  and  balance  characteristics  for 
Concepts  1  through  6. 

In  the  preliminary  design  stage,  it  was  considered  sufficient 
to  show  that  the  basic  blade  design  provided  the  opportunity 
to  meet  the  specified  weight  and  balance  requirements,  but 
design  of  the  actual  tip  weights  required  to  achieve  this 
goal  was  deferred  to  the  detail  design  phase. 

CENTRIFUGAL  AND  STATIC  LOADS  AND  MOMENTS 


Figures  25  and  26  present,  respectively,  the  computer  derived 
centrifugal  loading  at  309  rpm  and  the  static  (l.Og)  bending. 
The  centrifugal  force  distribution,  the  induced  in-plane  bend¬ 
ing  moments  due  to  the  offset  of  the  c.f.  vectors  from  the 
section  neutral  axes,  the  static  bending  moment  distribution, 
and  the  static  deflection  are  presented  for  Concept  2.  These 
plots  are  typical  of  those  determined  for  all  concepts. 

NATURAL  FREQUENCIES 

The  natural  frequency  plots  obtained  for  Concept  2  are  present¬ 
ed  in  Figure  27.  The  small  difference  between  these  curves 
and  those  plotted  for  the  current  blade  is  typical  of  all  the 
design  concepts. 


DYNAMIC  BENDING  MOMENTS 


The  computed  dynamic  flight  bending  moments  obtained  for 
Concept  2  are  presented  in  Figures  28  and  29.  The  dynamic 
stress  analysis  of  Concept  2  was  based  on  these  bending 
moments,  and  the  curves  are  typical  of  those  used  in  the 
stress  analyses  of  all  concepts. 

STRESS  ANALYSIS 


A  stress  analysis  based  on  the  computed  dynamic  bending  mom¬ 
ents  and  the  centrifugal  loading  applied  to  the  section  pro¬ 
perties  was  performed  for  each  of  the  design  concepts  at 
several  spanwise  stations. 

For  every  concept,  Station  81.0,  immediately  outboard  of  the 
root  reinforcing  doublers,  proved  to  be  the  critical  section. 
Table  V  presents  the  summarized  stress  analyses  at  this 
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Blade  Station  (in,) 

Figure  19.  Weight  Distribution,  Concept 


Preceding  page  blank 
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Figure  22.  Neutral  Axis  Location,  Concept 


Figure  24.  In-Plane  Bending  Stiffness  Distribution,  Concept 


TABLE  III.  WEIGHT  AND  BALANCE, 
CONCEPT  2 


fREB  DESIGN  CONCEPT  2 
BLADE  HEIGHT  AND  BALANCE! 

TOTAL  BLADE  WEIGHT  -  198.989  POUNDS 

MOMENT  ABOUT  CENTER  OF  ROTATION  -  28041.9  LB-IN. 

SPANWISE  CENTER  OF  GRAVITY  -  140. 9i  2  IN.  FROM  C.  ROT. 

CHORDWISE  CENTER  OF  GRAVITY  -  5.74741  IN.  FROM  L.  E. 

DYNAMIC  MASS  AXIS  »  5.07104  IN.  FROM  L.  E. 

(I.E.  SPAN-WEIGHTED  CHORDWISE  CENTER  OF  GRAVITY) 

INERTIA  ABOUT  CENTER  OF  ROTATION  ■  1179.21  SLUGS-FT.  SQ. 

CENTRIFUGAL  LOADING  AT  ONE  (1.0)  RADIAN/SECOND s 

SPAN  STATION  CENTRIFUGAL  IN-PLANE  BENDING 

(RADIUS)  FORCE  MOMENT  ABOUT  N.  A. 

(INCHES)  (POUNDS)  (LB-IN.,  +  FOR  L.  E.  IN  TENSION) 


24.50 

72.57 

255.45 

31.80 

71.00 

112.74 

45.90 

69.38 

82.10 

60.00 

67.34 

46.61 

81.00 

64.34 

60.29 

97.12 

62.07 

47.11 

113.25 

59.42 

34.77 

129.37 

56.42 

23.38 

145.50 

5?  .06 

13.04 

161.62 

49.37 

3.83 

177.75 

45.34 

-4.16 

193.87 

41.00 

-10.84 

210.00 

36.36 

-16.13 

226.50 

31.26 

-0.18 

241.25 

26.27 

3.48 

256.00 

20.96 

-0.65 

282.00 

11.06 

7.06 

288.00 

0.00 

0.00 

STATIC  BENDING 

(DROOP)  AT  1 

.  OG  i 

SPAN  STATION 

BENDING  MOM. 

DEFLECTION 

(INCHES) 

(LB-IN.) 

(INCHES) 

24.50 

23184.08 

0.00 

31.80 

21810.27 

0.00 

45.90 

19422.87 

0.03 

60.00 

17254.55 

0.09 

81.00 

14356.48 

0.29 

97.12 

12344.68 

0.56 

113.25 

10490.58 

0.92 

129.37 

8791.96 

1.37 

145.50 

7246.63 

1.89 

161.62 

5852.37 

2.47 

177.75 

4606.96 

3.09 

199.87 

3508.21 

3.76 

210.00 

2553.89 

4.45 

226.50 

1725.17 

5.18 

241.25 

1111.72 

5.84 

256.00 

619.89 

6.51 

282.00 

45.00 

7.71 

288.00 

0.00 

7.98 

Static  Bending  Moment 


40  80  120  160  2Q0  240  280  320 

Blade  Station  (in.) 


Figure  26.  Static  Bending,  Concept  2 
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Figure  28.  Dynamic  Flapwise  Bending  Moments,  Concept 
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Figure  29.  Dynamic  Edgewise  Bending  Moments,  Concept 
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measured  from  the  leading  edge  parallel  to  the  chord  plane, 
measured  from  the  chord  plane  and  perpendicular  to  it. 


station  for  Concepts  1  through  6,  and  the  stresses  obtained  by 
a  similar  computation  for  the  current  blade  are  included  for 
comparison . 

RADAR  CROSS  SECTION 

The  program  goal  is  to  establish  that  the  proposed  repairable/ 
expendable  blade  designs  have  a  radar  cross  section  (RCS)  no 
larger  than  the  UH-lH  metal  reference  blade.  Measured  data 
generated  from  models  with  dimensions  and  characteristics 
of  the  UH-lH  and  Concept  2  blades  are  utilized  as  an  aid  to 
analysis  of  the  current  designs.  Comparisons  of  the  measured 
results  are  made  that  show  the  leading  edge  to  be  the  prime 
contributor  of  the  UH-lH  metal  blade.  Measured  date  analysis 
also  shows  that  the  fiberglass  blade  aft  section  exposes  the 
metal  spar  to  the  extent  that  the  trailing  edge  becomes  the 
most  significant  contributor  and  must  be  treated.  Theoretical 
and  measured  results  are  utilized  to  show  that  the  increased 
leading-edge  radius  of  Concepts  1  and  3  may  be  used  without 
increasing  the  RCS  above  the  required  reference  level.  Practi¬ 
cal  approaches  to  reduction  of  the  trailing-edge  RCS  of  the 
fiberglass  designs  to  that  of  the  required  reference  level  are 
presented . 

Appendix  IV  presents  the  radar  cross  section  study  performed 
on  field-repairable/expendable  rotor  blade  Concepts  1  through 
4.  With  respect  to  radar  reflectivity  characteristics,  Concepts 
7,  9,  and  11  are  the  same  as  Concept  1,  Concepts  8,  10,  and  12 
as  Concept  2 ,  Concept  5  as  Concept  3  ,  and  Concept  6  as  Con¬ 
cept  4 . 

ACOUSTIC  SIGNATURE 

Because  all  the  field-repairable/expendable  rotor  blade  concepts 
are  aerodynamically  similar  to  the  current  blade,  with  the 
exception  of  the  airfoil  section,  the  evaluation  of  acoustic 
signature  becomes  dependent  on  the  characteristics  of  the 
simplified  airfoil.  In  this  section,  those  concepts  (1,  3,  5, 

7,  9,  and  11)  with  the  modified  airfoil  section  are  identified 
as  Type  II,  while  the  even-numbered  concepts  with  the  standard 
NACA  0012  airfoil  are  Type  I. 

The  external  noise  signature  of  the  UH-1  helicopter  is  made 
up  of  contributions  from  the  main  rotor,  tail  rotor,  engine, 
and  drive  systems.  Noise  produced  by  these  components  is 
distributed  throughout  the  audible  spectrum,  with  the  main 
rotor  contributing  in  the  very  low  frequency  range  (10  Hz  - 
100  Hz) ,  the  taii  rotor  contributing  in  the  low  to  mid  frequency 
range  (55  -  500  Hz) ,  and  the  remaining  sources  contributing 
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mainly  above  500  Hz*.  Reqardinq  aural  detectability,  only  the 
main  and  tail  rotor  noise  components  are  of  consequence. 


Factors  which  determine  the  distance  at  which  a  noise  source 
will  be  detected  (i.e.,  its  aural  detection  range)  include: 

•  The  amplitude/frequency  characteristics  of  the  source. 

•  The  propagation  characteristics  of  the  medium  through 
which  the  sound  signal  travels. 

*  The  amplitude/frequency  characteristics  of  masking 
noise  in  the  vicinity  of  the  observer. 

*  The  frequency  response  of  the  observer's  ear. 


For  cases  of  interest**,  these  factors  combine  in  such  a  way  as 
to  make  the  aural  detection  range  of  the  UH-1  most  sensitive 
to  the  amplitude  of  high-frequency  (third  through  tenth 
harmonic  of  blade  passage  frequency)  main  rotor  and  low- 
frequency  (fundamental  through  second  harmonic  of  blade  passage 
frequency)  tail  rotor  noise.  Factors  which  increase  these 
noise  components  will  tend  to  increase  aural  detection  range, 
with  the  actual  magnitude  dependent  on  the  factors  mentioned 
previously*** . 

The  noise  source  (tail  or  main  rotor)  which  contributes  most 
to  UH-1  aural  detectability  is  determined  primarily  by  the 
forward  velocity  of  the  aircraft.  As  airspeed  increases,  the 
relative  magnitude  of  higher  harmonic  main  rotor  noise  increases. 
In  addition,  this  noise  component  becomes  more  directional, 
with  increasing  radiation  in  the  forward  direction.  For  these 
reasons,  in  most  cases,  an  approaching  JH-1,  operating  at 


*  This  analysis  of  UH-1  noise  sources  is  based  on  Figure  8  of 
Reference  8,  which  shows  significant  tail  rotor  rotational 
noise  at  and  above  the  fundamental  (N-per-rev)  of  tail  rotor 
blade  passage  frequency. 

**  For  example,  propagation  at  low  altitude,  over  medium-density 
ground  cover,  through  still  air,  in  the  presence  of  low  ambient 
noise,  with  detection  by  the  unaided  ear. 

***A  more  detailed  discussion  of  the  aural  detectability  of 
helicopters  is  given  in  Reference  9,  along  with  specific 
procedures  for  estimating  detection  range. 
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moderate  to  high  speed  (80  to  120  kt) ,  will  be  initially 
detected  through  its  rotor  noise  component.  Factors  which 
increase  higher  harmonic  rotor  noise  have  a  detrimental  effect 
on  aural  detectability. 

Helicopter  main  rotor  noise  is  produced  through  a  number  of 
mechanisms.  The  primary  mechanism,  at  least  with  respect  to 
the  generation  of  higher  harmonic  rotational  noise,  and 
consequently  aural  detectability,  is  the  acoustic  dipole 
resulting  from  the  flucuating  lift,  drag  and  radial  forces 
applied  to  the  air  by  the  rotor  blades  (Reference  8)  .  Fac¬ 
tors  which  influence  the  generation  of  this  noise  component 
include  rotor  blade  parameters,  such  as  blade  airfoil  sec¬ 
tion,  planform,  twist  distribution,  thickness  distribution, 
and  blade  dynamics,  as  well  as  such  operating  parameters  as 
steady  lift  (A/C  gross  weight),  rotor  speed,  and  A/C  forward 
speed. 

For  the  UH-1  operating  at  moderate  to  high  airspeed,  the 
magnitude  of  higher  harmonic  rotor,  noise  is  dependent,  pri¬ 
marily,  on  the  magnitude  of  drag  forces  generated  by  the 
advancing  blade.  This  situation  arises  because  the  standard 
UH-1  rotor  system  operates  at  a  very  high  advancing  blade 
tip  Mach  number,  well  in  excess  of  the  drag  divergence 
Mach  number  for  moderate-  to  high-speed  flight*. 

Based  on  the  abjve  discussions,  the  impact  of  field-repairable/ 
expendable  blade  (FREB)  modifications  on  the  aural  detect¬ 
ability  of  the  UH-1  may  be  qualitatively  assessed  by  evalu¬ 
ating  the  impact  of  these  modifications  on  high  Mach  number 
drag  characteristics.  Of  the  two  FREB  designs,  only  the  Type 
II  blade,  which  has  a  slightly  different  airfoil  section  than 
the  NACA  0012  section  used  on  the  standard  UH-1,  will  have 
differing  high  Mach  number  drag  characteristics.  The  Type  I 
FREB,  utilizing  a  standard  NACA  0012  airfoil  section,  will 
have  identical  drag  characteristics  as  the  standard  UH-1 
blade;  consequently,  the  use  of  the  Type  I  FREB  design  will 
result  in  no  change  in  the  aural  detectability  of  the  air¬ 
craft. 

Evaluation  of  the  Type  II  FREB  airfoil  section  indicates  that 
this  design  will  result  in  a  reduction  in  zero-angle-of-attack 
drag  divergence  Mach  number.  Increased  section  thickness 
forward  of  the  quarter  chord,  coupled  with  an  increase  in  nose 
radius,  results  in  the  modified  airfoil  pressure  distribution 


*  The  drag  divergence  Mach  number  for  a  0012  airfoil  at  zero 
angle  of  attack  is  approximately  .78.  This  is  exceeded  by  the 
UH-1  rotor,  at  the  advancing  blade  tip,  at  50  knots. 
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(relative  to  fin  NACA  0012  section)  shown  in  Fiqure  30.  As 
indicated  in  this  figure,  the  pressure  distribution  of  the 
Type  II  FREB  section  is  nearly  identical  to  that  of  a  standard 
NACA  0015  airfoil  forward  of  the  maximum  thickness  point.  By 
analogy  to  the  NACA  0015  section  characteristics,  given  in 
Reference  10,  a  5%  decrease  in  zero -angle -of -attack  drag 
divergence  Mach  number  is  indicated  for  the  Type  II  FREB 
relative  to  the  standard  UH-1  blade. 

The  impact  of  the  decreased  drag  divergence  Mach  number  on 
UH-1  aural  detectability  is  illustrated  in  Figure  31.  Shown 
are  constant  aural  detection  range  contours,  as  functions  of 
rotor  speed  (rpm)  and  airspeed,  for  the  UH-1  with  standard 
(NACA  0012)  blades,  FREB  Type  I  and  FREB  Type  II.  This  figure 
indicates  that  a  UH-1  utilizing  a  Type  II  FREB  rotor,  and 
required  to  have  no  greater  aural  detection  range  than  a 
standard-rotor-equipped  UH-1,  would  be  required  to  operate 
either  with  a  rotor  speed  reduction  of  5%  or  at  a  25%  reduced 
airspeed.  Requiring  a  constant  detection  time  would  dictate 
a  reduction  in  rotor  speed,  since  operation  at  a  reduced 
airspeed  will  cause  increased  warning  time,  even  with 
constant  aural  detection  range. 
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Figure  30.  Airfoil  Pressure  Distribut 


RELIABILITY  AND  MAINTAINABILITY 


Throughout  the  preliminary  design  phase,  analyses  of  the 
anticipated  failures,  and  their  modes  and  rates  of  occurrence, 
were  performed  as  the  concepts  evolved.  As  these  potential 
failures  were  identified,  maintainability  analyses  were  per¬ 
formed  to  determine  dispositions  (repair  or  scrap) ;  and  for 
those  damage  events  expected  to  be  repairable,  labor  effort, 
material  costs,  and  elapsed  times  were  determined  for  each 
repair. 

From  the  reliability  and  maintainability  standpoint,  the 
twelve  concepts  can  be  divided  into  two  groups:  those  having 
aluminum  spars  and  those  having  stainless  steel  spars.  Concept 
1  is  representative  of  all  the  former  group,  while  Concept  3 
is  representative  of  all  the  latter.  Subsequent  to  these 
basic  analyses,  minor  adjustments  were  made  to  account  for 
detail  differences  within  the  groups.  For  example,  Concept  1 
was  analyzed  as  if  it  had  a  separate  abrasion  sheath,  so 
this  analysis  is  truly  representative  of  Concepts  7  and  8  only. 

For  Concepts  1,  2,  9,  10,  11,  and  12,  those  failures  associated 
with  the  leading  edge  were  either  eliminated  (e.g.,  delamina¬ 
tions)  or  applied  to  the  spar  (e.g.,  nicks  and  scratches),  as 
appropriate.  Concepts  4  and  6  finally  evolved  with  narrower 
chord  spars  than  Concepts  3  and  5,  so  the  skin  damage 
occurrences  were  increased,  and  the  spar  damage  decreased,  in 
proportion  to  the  change  in  area. 

Concepts  11  and  12  present  a  special  case,  since  no  operational 
experience  has  been  acquired  with  plastic  skins  reinforced 
by  PRD-49 .  The  characteristics  of  the  fiber  indicate  that  a 
reduction  of  as  much  as  50%  in  the  incidence  of  skin  damage 
might  be  expected.  The  life-cycle  cost  analysis  was  performed 
on  this  basis.  For  a  greater  incidence  of  skin  failures,  the 
life-cycle  costs  will  increase  appropriately. 

As  the  failure  modes  and  maintainability  analyses  developed, 
the  results  were  incorporated  into  a  computer  program  which 
provided  the  necessary  averages  for  input  to  the  life-cycle 
cost  analysis  and  also  determined  the  95t  percentile  maximum 
repair  times.  For  this  maximum  time  calculation,  the  equations 
developed  in  Appendix  III  were  applied  only  to  the  labor  time 
to  effect  a  repair.  Adhesive  cure  time  was  regarded  as  an 
invariate  book  value,  such  that  any  variations  were  chargeable 
to  some  other  activity  (e.g.,  the  mechanic  working  on  another 
aircraft  at  the  time  the  adhesive  was  fully  cured) ,  while  the 
man-hours  to  remove  and  replace  a  blade  were  defined  by  the 
contract.  The  output  from  these  computer  analyses  of  failure 
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modes  and  effects,  dispositions,  and  maintenance  activities 
is  presented  in  Appendix  V. 

FAILURE  MODES  AND  EFFECTS 

The  analysis  methodology  developed  previously  and  used  in  the 
design  studies  of  repairable  and  expendable  main  rotor  blades, 
References  2  and  3  respectively,  has  been  applied  here  in 
performing  the  failure  modes  and  effects  analysis  for  candidate 
field-repairable/expendable  main  rotor  blade  design  concepts. 
This  methodology  was  refined  and  updated  to  include  definitions 
of  primary  and  secondary  failures  resulting  from  single 
incidents,  hazard  level  of  each  incident  as  defined  in  MIL- 
STD-882,  and  expected  rates  of  occurrence  based  on  the  3atest 
available  experience  data.  As  before,  the  cause,  effect, 
and  ultimate  disposition  of  each  failure  mode  have  been  in¬ 
cluded  in  the  analysis. 

Failure  modes  are  divided  into  three  categories:  inherent, 
external,  and  combat.  In  References  2  and  3,  combat  damage 
causes  were  included  in  the  external  cause  category. 

Segregating  combat  damage  into  a  category  of  its  own,  however, 
aids  in  determining  the  reliability  of  a  given  blade  design 
in  other,  noncombat  environments,  even  hhouah  the  combat 
environment  is  a  specific  requirement  of  this  study  program. 

Frequency  of  occurrence  of  inherent  failure  modes  for  the 
candidate  field- repairable/expendable  main  rotor  blade  design 
concepts  relative  to  the  current  UH-1H  main  rotor  blade  can 
be  determined  using  the  inherent  failure  rate  data  reported 
in  Reference  3.  Similarly,  the  relative  frequency  of  occurrence 
of  external  and  combat  failure  modes  can  be  estimated  by 
application  of  the  damage  scenario  to  the  various  blade  design 
concepts,  adjusting  the  depth  of  dents,  tears  and  foreign- 
object  damage  according  to  the  material  of  the  affected  blade 
parts  as  described  in  Reference  2.  The  failure  effects  data 
of  References  2  and  3  also  provide  a  basis  for  evaluating  the 
hazard  classification  of  similar  failure  modes  for  the 
candidate  blade  designs. 

Field  experience  gained  with  UH-1H  rotor  blades  and  reported 
in  Reference  1  serves  as  the  basic  data  source  for  the  failure 
modes  and  effects  analysis  of  the  current  main  rotor  blade. 
Various  samples  of  the  UH-lH  blade  were  collected,  analyzed 
and  reported  in  Reference  1,  giving  the  best  available  values 
of  failure  mode  occurrences  and  proportions  attributable  to 
different  causes.  Table  D-I  of  Reference  1  lists  the  total 
of  all  known  failure  causes  grouped  into  five  inherent  and 
five  external  failure  subcategories.  These  data,  with  the 
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inherent  and  external  failure  fractions  adjusted  to  conform 
with  the  values  shown  in  Table  H-I  of  Reference  1,  define  the 
total  spectrum  of  failure  modes  considered  in  this  analysis. 

All  failure  causes  reported  within  the  excessive  vibration 

subcategory  of  the  Table  D-I  inherent  causes  were  assumed  to 
be  secondary  failures, and  corresponding  primary  failures  were 
assigned  to  each  of  these  based  on  the  inherent  failure 
cause  data  of  Reference  3.  All  inherent  and  external  failures 
were  apportioned  among  the  various  causes  as  indicated  by 
their  frequency  of  occurrence  in  Table  D-I.  The  failure 
description  and  location  data  of  Reference  3  were  then  used 
to  apportion  these  failures  among  the  major  elements  of  the 
rotor  blade. 

The  application  of  the  damage  scenario  to  the  current  UH-1H 
main  rotor  blade,  as  reported  in  Reference  2,  apportioned  the 
damage  events  among  the  dent,  puncture,  tear,  foreign  object 
and  battle  damage  classifications.  The  same  apportionment 
and  damage  classifications  have  been  applied  to  the  total 
number  of  failures  within  the  foreign-object  damage  sub¬ 
category  of  the  adjusted  data  of  Table  D-I  of  Reference  1, 
thus  integrating  the  damage  scenario  results  into  the  failure 
modes  and  effects  analysis. 

The  complete  failure  modes  and  effects  analysis  for  the  current 
UH-lH  rotor  blade  is  tabulated  in  Table  VI.  Similar  analyses 
have  been  prepared  for  candidate  field- repairable/expendable 
main  rotor  blade  designs  using  the  current  blade  data.  Inherent 
failure  mode  rates  of  occurrence  for  candidate  designs  have 
been  computed  from  the  current  blade  failure  data  using  the 
ratio  of  inherent  failure  rates  for  candidate  blade  component 
parts  to  inherent  failure  rates  for  current  blade  parts  as 
presented  in  Reference  3.  External  and  battle  damage  failure 
mode  rates  of  occurrence  have  been  determined  from  the 
application  of  the  damage  scenario  to  candidate  blade  component 
parts  using  the  data  given  in  Reference  2  for  the  same  blade 
components . 

Tables  VII  and  VIII  detail  the  results  of  the  failure  modes 
and  effects  analyses  for  field-repairable/expendable  main 
rotor  blade  Concepts  1  and  3.  Note  that  these  concepts  incor¬ 
porate  straight-sided  airfoil  shapes  while  Concepts  2  and  4 
have  curved  airfoil  shapes.  In  all  other  respects.  Concepts 
1  and  2  are  identical,  as  *.re  Concepts  3  and  4.  Since  this 
design  variation  will  have  only  a  minor  effect  on  failure 
modes  and  rates  of  occurrence,  separate  failure  modes  and 
effects  analyses  have  not  been  prepared  for  Concepts  2  and  4. 

Failure  rate  summaries  for  the  current  UH-lH  main  rotor  blade 
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TABLE  VI.  FAILURE  RATE  COMPUTATIONS 
CURRENT  UH-1H  BLADE 


Failure  Mode 

Component  or  Location 

Number  of 
Failures 

Failure 

Rate 

mtbfn*  * 

Inherent  causes 

Primary  failures 

2206 

280.48 

3,565 

Bond  failure/ 
Delamination 

Subtotal 

952 

121.04 

8,262 

8kin/Spar 

84 

10.68 

93,631 

Spline/Skin 

80 

10.17 

98,313 

Skin/Core 

S94 

75.52 

13,241 

Spar/Noseblock 

20 

2.543 

393,250 

Abrasion  sheath/LE 

104 

13.22 

75,625 

Root  end 

49 

6.230 

160,510 

Spar/Core 

21 

2.670 

374,524 

Crack 

Subtotal 

658 

83.66 

11,953 

Spline 

S9 

8.773 

113,986 

Skin 

567 

72.09 

13,871 

Root  and 

22 

2.797 

357,500 

Corrosion 

Subtotal 

147 

18.69 

53,503 

Skin 

65 

8.264 

121,000 

Spline 

SO 

10.17 

98,313 

Root  end 

2 

0.254 

3,932,500 

Excessive  wear 

Subtotal 

356 

45.26 

22,093 

Abrasion  sheath 

18 

2.289 

436,944 

Skin 

30 

3.814 

262,167 

Spline 

92 

11.70 

85,489 

Root  end 

216 

27.46 

36,412 

TABLE  VI  -  Continued 

Failure  Mode 

Component  or  Location 

Number  of 
Failures 

Failure 

Rate 

htbfn 

Deterioration 

Subtotal 

93 

11.82 

84,570 

Abrasion  sheath 

26 

3.306 

302,500 

Skin 

25 

3.179 

314,600 

Spline 

9 

1.144 

873,889 

Root  end 

33 

4.196 

238,333 

Secondary  failure! 

Excessive  vibration 

Subtotal 

536 

68.15 

14,674 

Skin/Core  BF/Delam. 

281 

35.73 

27,989 

Skin/Spar  BF/Delam. 

15 

1.907 

524,333 

Spline/Skin  BF/Delam. 

15 

1.907 

524,333 

Noseblock/Spar  BF/D. 

20 

2.543 

393,250 

Abrasion  sheath/L  E 
BF/Del ami nation 

93 

11.82 

84,570 

Root  end  BF/Delam. 

36 

4.577 

218,472 

Root  end  excessive  wear 

30 

3.814 

262,167 

Skin  crack 

31 

3.942 

253,710 

Spline  corrosion 

15 

1.907 

524,333 

External  causes 

4200 

534.01 

1, 872.1 

Dent 

Subtotal 

1846 

234.71 

4,260.* 

Abrasion  sheath  /Spar 
doubler  /6kin/Core 

246 

31.28 

31,972 

Abrasion  sheath 

246 

31.28 

31,972 

Skin  /Grip  doublers 

Root  fitting 

62 

7.883 

126,855 

Skin  /Grip  doublers 

61 

7.756 

128,934 

85 
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TABLE  VI  -  Continued 


Failure  Mode 

Component  or  Location 

Number  of 
Failures 

Failure 

Rate 

ktbfn 

Dent,  continued 

Skin/  Core/ Grip 
doublers 

its 

23.52 

42,514 

Skin/  Core 

246 

31.28 

31,972 

Skin/  Core/  spline 

492 

62.56 

15,986 

Skin/  Core/  Spline/ 

Link 

62 

7.883 

126,855 

Skin  /Spline 

1SS 

23.52 

42,514 

Spline 

61 

7.756 

128,934 

Functure 

Subtotal 

677 

86.08 

11,617 

Abrasion  sheath/  Spar 
doubler  /Spar 

123 

15.64 

63,943 

Abrasion  sheath /Nose- 
block 

62 

7.883 

126,855 

Spar  doubler  /8p*r/ 

Grip  doublers 

62 

7.883 

126,855 

Skin  /Core 

369 

46.92 

21,314 

Skin  /Spline 

61 

7.756 

128,934 

Foreign -object  damage 

Subtotal 

554 

70.44 

14,197 

Abrasion  sheath/  Spar 
doubler/ Skin  /Core 

62 

7.883 

126,655 

Abrasion  sheath/  Grip 
doublers 

61 

7.756 

128,934 

Abrasion  sheath 

123 

15.64 

63,943 

Skin  /Core 

246 

31.28 

31,972 

Skin  /Core/  Spline 

62 

7.883 

126,855 

TABLE  VI  -  Continued 


Failure  Mode 

Component  or  Location 

Number  of  Failure 
Failures  Rate 

mtbfn 

Tear 

Subtotal 

370  47.04 

21,257 

Abrasion  iheath/Spar 
doubler  /Skin/  Core 

62 

7.883 

126,855 

Abrasion  sheath 

185 

23.52 

42,514 

Skin/  Core 

123 

15.64 

63,943 

Overstressed 

Total  blade 

733  93.20 

10,730 

•1  iatered/Burned 

Total  blade 

15  1.907 

524,3)3 

Indirect  cauaea 

Total  blade 

5  0.636 

1,573,000 

Combat  cauaea 

Battle  damage 

Subtotal 

923  117.36 

8,521.1 

Skin  /  Core /  Grip 
doublers 

62 

7.883 

126,855 

Skin  ^Co>  e 

492 

62.56 

15,98i> 

Skin  f  Cor*  /  Spline 

62 

7.883 

126,855 

Skin /  Spline 

123 

15.64 

63,94) 

Spline 

61 

7.756 

128,934 

Abrasion  sheath /Spar 
doubler  /Spar 

123 

15.64 

63,943 

*  Failure  rate  ia 

in 

units  of  number  of  failures 

per  10®  blade-hours. 

••  HTBF  ia  in  unlta 

of 

blade-ho'iis. 

TABLE  VII  -  Continued 


Failure  Mode 

Component  or  Location 

Number  of 
Failures 

Failure 

ltate 

mtbfn 

Deterioration 

Subtotal 

91 

11.57 

86,429 

Spar 

SO 

6.357 

157,300 

Skin 

3 

0.381 

2,621,667 

Spline 

S 

0.636 

1,573,000 

Root  end 

33 

4.196 

238,333 

Secondary  failures 

Excessive  vibration 

Subtotal 

310 

39.42 

25,371 

Skin/Core  BF/Delara. 

20S 

26.06 

38,366 

Spline/Skin  BF/Delam. 

IS 

1.907 

524,333 

Abrasion  shaath/Spar 
BF/Delam. 

11 

1.399 

715,000 

Root  end  BF/Delam. 

11 

1.399 

715,000 

Root  end  excessive  wear 

29 

3.687 

271,207 

Spar  crack 

5 

0.636 

1,573,000 

Skin  crack 

IS 

1.907 

524,333 

Root  end  crack 

3 

0.381 

2,621,667 

Spline  crack 

1 

0.127 

7,865.000 

Spline  corrosion 

IS 

1.907 

524,333 

External  causes 

4243 

539.48 

i.85±fi< 

Dent 

Subtotal 

1846 

234.71 

4,26  051 

Abrasion  sheath 

(2 

7.883 

126,855 

Abrasion  sheath /spar  / 
Skin  core 

62 

7.883 

126,855 

Spar  /skin  /core 

185 

23.52 

42,514 

TABLE  VII  -  Continued 

Failure  Node 

Component  or  Location 

Niusber  of 
Fai lures 

Failure 

Rate 

mtbfn 

Dent,  continued 

Spar 

185 

23.52 

42,514 

Skin/ Grip  doubleri/ 
Root  fitting 

61 

7.756 

128,934 

Skin  /  Grip  doublers 

61 

7.756 

128,934 

Skin  /  Core /Grip 
doublers 

185 

23.52 

42,514 

Skin/ Core 

246 

31. 26 

31,972 

Skin  /  Core  /  Spline 

615 

78.19 

12,789 

Skin  /  Core  /  Spline / 
Link  ' 

61 

7.756 

128,934 

Skin  /  Spline 

61 

7.756 

128,934 

Spline 

62 

7.88  3 

126,855 

Puncture 

Subtotal 

677 

86.08 

11,617 

Abrasion  sheath/  Spar 

62 

7.883 

126,855 

Spar 

123 

15.64 

63,943 

Spar /Grip  doublers/ 
Skin 

61 

7.756 

128,934 

Skin  /Core 

369 

46.92 

21,314 

Skin/  Spline 

62 

7.883 

126,855 

Foreign-object  damage 

Subtotal 

554 

70.44 

14,197 

Spar  /  Skin  /  Core 

62 

7.813 

126,855 

Spar  /Grip  doublers 

62 

7.813 

126,855 

Spar 

123 

15.64 

63,943 

Skin  /Core 

246 

31.21 

31,972 

Skin/  Core/  Spline 

61 

7.756 

128,934 

TABLE  VII  -  Continued 


Failure  Mode 

Component  or  Location 

Number  of 
Failures 

Failuie 

Rate 

ktbfn 

fear 

Subtotal 

yu 

47.04 

21,257 

Spar /Skin  /Core 

62 

7.883 

126,855 

Spar 

18$ 

23. $2 

42,514 

Skin  /  Core 

123 

15.64 

63,943 

Overstressed 

Total  blade 

776 

98.66 

10,135 

Bliatered/Burned 

Total  blade 

1$ 

1.907 

524,333 

Indirect  causes 

Total  blade 

5 

0.636 

157,300 

Combat  causes 

Battle  damage 

Subtota 1 

923 

117.36 

8,521 

Skir. /Core  /Grip 
doublers 

61 

7.756 

128,934 

Skin  / Core 

492 

62.56 

15,986 

Skin  /Core  /Spline 

62 

7.883 

126,855 

Skin  /Spline 

123 

15.64 

63,943 

Spline 

62 

7.883 

126,855 

Spar 

123 

15.64 

63,943 

•  Failure  rate  is  in 

units  of  number  of  failures 

per  10® 

blade-hours. 

••  MTBF  is  in  units  of 

blade-hours. 

TABLE  VIII. 

FAILURE 

RATE 

COMPUTATIONS , 

CONCEPT 

3 

Failure  hode 

Component  or 

Location 

Number  of 
Failures 

Failure 

Rat</ 

ktbfn“ 

Inherent  causes 

Primary  failures 

1184 

150.54 

6,642.7 

Bond  failure/ 

Delamination 

Subtotal 

565 

71.84 

13,920 

Skin/Spar 

69 

8.773 

113,986 

Spline/Skin 

31 

3.942 

253,710 

Skin/Core 

382 

48.57 

20,589 

Spar 

se 

7.374 

135,603 

Root  end 

17 

2.161 

462,647 

Spar/Core 

8 

1.017 

983,125 

Crack 

Subtotal 

265 

33.69 

29,679 

Spline 

0 

- 

- 

Skin 

228 

28.99 

34,496 

Root  end 

23 

2.924 

341,957 

Spar 

14 

1.780 

561,786 

Corrosion 

Subtotal 

85 

10.81 

92,529 

Spar 

42 

5.340 

187,262 

Skin 

14 

1.780 

561,786 

Spline 

28 

3.560 

280,893 

Root  end 

1 

0.127 

7,865,000 

Excessive  wear 

Subtotal 

210 

26.70 

37,452 

Spar 

14 

1.780 

561,786 

Skin 

3 

0.381 

2,621,667 

Spline 

9 

1.144 

873,889 

Root  end 

184 

23.39 

42,745 

TABLE  VIII  -  Continued 

Failure  Mode 

Coapcnent  or  Location 

Mu.  *«tr  of 
Failu^-. 

F.iilure 

Kate 

ktbfn 

Deterioration 

Subtotal 

59 

7.502 

133,305 

Spar 

2 

0.254 

3.932,500 

Skin 

3 

0.361 

2,621,66, 

Spline 

22 

2.797 

357,500 

Root  end 

32 

4.069 

245,781 

Secondary  failures 

Excessive  vibration 

Subtotal 

371 

48.06 

20,807 

Skin/Core  BF/Delam. 

205 

26.06 

38,366 

Skin/Spar  Bf/Delam. 

65 

8.264 

121,000 

Spline/Skin  SF/Delam. 

10 

1.271 

786,500 

Spar  BF/Delam. 

30 

3.814 

262,167 

Root  end  BF/Helam. 

10 

1.271 

786,500 

Root  end  excessive  wear 

26 

3.306 

302,500 

Spar  crack 

14 

1.710 

561,786 

Skin  crack 

15 

1.907 

524,333 

Spline  crack 

0 

- 

- 

Root  end  crack 

3 

0.391 

External  causes 

4200 

534.01 

1,872.1 

Dent 

Subtotal 

1846 

234.71 

4p  o  2  ^  -  6 

Spar 

246 

31.28 

31,972 

Spar  /Skin 

185 

23.52 

42,514 

Spar  /Skin /Core 

62 

7.863 

126,855 

Spar/ Grip  doublers 

185 

23.52 

42,514 

Spar  / Grip  doublers  / 
Root  fitting/  Skin 

61 

7.756 

128,934 
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TABLE  VIII  -  Continued 


Failure  Mode 

Component  or  Location 

Number  of 
Failures 

Failure 

Rate 

ktbfn 

Sk  /  Core/  Grip 
dotiiiers 

61 

7.75b 

126,934 

Skin/ Core 

308 

39.16 

25,536 

Skin/  Core /  Spline 

492 

62.56 

15,986 

Sklr./  Spline 

185 

23.52 

42,514 

Puncture 

Subtotal 

677 

86.08 

11,617 

Grip  doublers/  Spar 

62 

7.883 

126,855 

Spar 

185 

23.52 

42,514 

Spar/  Skin 

61 

7.756 

128,934 

Skin/  Core 

308 

39.16 

25,536 

Skin/ Spline 

61 

7.756 

128,934 

Foreign- object  damage 

Subtotal 

554 

70.44 

14,197 

Grip  doublers /  Spar 

62 

7.883 

126,855 

Spar 

4.65 

23.52 

42,514 

Spar/  Skin 

61 

7.756 

128,934 

Spar/  Skir/  Core 

61 

7.756 

128,934 

Skin/  Core 

185 

23.52 

42,514 

Tear 

Subtotal 

370 

47.04 

21,257 

Spar 

185 

23.52 

42,514 

Spar/  Skin 

62 

7.883 

126,855 

Spar/  Skin/  Core 

62 

7.883 

126,855 

Skin  /Core 

61 

7.756 

128,934 

Overatressed 

Total  blade 

733 

93.20 

10,730 

Blistered/Burned 

Total  blade 

15 

1.907 

524,333 

Indirect  causes 

► 

Total  blade 

5 

0.636 

1,573,000 

TABLE  VIII  -  Continued 

Failure  Mode 

Component  or  Location 

Numbet  of 
Failures 

Fai lure 
Rato 

mtbfn 

Combat  causes 

Battle  damage 

Subtotal 

923 

117.36 

8,521.] 

Grip  doublers/  Skin/ 
Spar 

61 

7.756 

128,934 

Spar 

123 

15.64 

63,943 

Spar  /%kin 

IBS 

23.52 

42,514 

Skin  /]ore 

308 

39.16 

25,536 

Skin  ^pline 

IBS 

23.52 

42,514 

Skin  /Core  /Spline 

61 

7.75b 

128,934 

failure  rate  is  in  u"itB  of  number  of  failures  per  10®  blade-hours. 


••  MTBF  is  in  units  of  blade-hours. 
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and  Concepts  1  and  3  are  presented  in  Tables  IX,  X,  and 
XI  respectively.  Data  are  given  for  primary  and  secondary 
failures  in  the  inherent,  external  and  combat  failure 
categories  apportioned  to  the  major  elements  of  the  blade 
and  for  the  blade  as  a  whole.  The  MTBF's  experienced  by  the 
current  blade  and  the  predicted  MTBF's  for  Concepts 
1  and  3  are  shown  in  Tables  XII,  XIII,  and  XIV  apportioned  in 
the  same  manner. 

The  field-repairable/expendable  concepts  exhibit  significantly 
improved  reliability  compared  to  the  current  UH-1H  main  rotor 
blade.  The  predicted  MTBF's  for  Concepts  1  and  3  are  approxi¬ 
mately  13-  and  18-percent  greater  respectively  than  the  MTBF 
experienced  by  the  current  blade. 

MAINTENANCE  ACTIONS  AND  TIMES 

The  possible  dispositions  of  damage  of  each  appropriate  type 
to  each  component  of  the  blade  concepts  are  presented  in 
Table  XV  for  Concept  1  and  its  associated  group,  and  in  Table 
XVI  for  Concept  3  and  its  group. 

Appendix  VI  gives  the  detail  dispositions,  maintenance  times, 
and  kit  contents  for  each  failure  occurrence.  These  dis¬ 
positions  were  used  as  inputs  to  the  failure  modes  and  effects 
computer  analysis,  the  outputs  from  which  are  given  in 
Appendix  V.  The  adjustments  within  the  groups,  as  described 
above,  were  made  to  the  dispositions  before  being  introduced 
to  the  analysis.  Those  damage  occurrences  requiring  no 
maintenance  action,  such  as  a  sheet  metal  dent  below  signifi¬ 
cant  limits,  were  eliminated  from  consideration  by  the  compu¬ 
ter. 

The  computer  analysis  provided  the  ability  to  eliminate  com¬ 
bat  damage  from  the  analysis.  It  is  assumed  that  only  those 
events  listed  as  ballistic  damage  were  attributable  to  the 
combat  environment,  and  that  elimination  of  these  would  alone 
be  representative  of  peaceful  operation.  This  is  probably  an 
underestimate . 

Although  it  appears  intuitively  that  it  would  be  easier  to 
apply  a  patch  to  a  flat  than  to  a  curved  surface,  no  hard 
experience  is  available  for  applying  a  quantified  improvement 
to  the  repair  times.  No  differentiation  is  made  in  the 
maintainability  analysis  between  those  concepts  with  the 
simplified  airfoil  section  and  those  with  the  standard  NACA 
0012  airfoil. 

Figures  32  through  36  depict  the  repair  schemes  devised  for 
use  with  the  field  repairable/expendable  blade  concepts. 
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TABLE  XV.  POTENTIAL  DAMAGES  AND  MAINTENANCE  ACTIONS, 
CONCEPT  1 


Blade 

Detail 


Abrasion  sheath 
(Polyurethane  tape) 


Spar 

(Aluminum) 


Skin 

(Fiberglass) 


Core 

(Nomex) 


T  E  Spline 
(Aluminum) 


Trim  tab 
(Aluminum) 


Root  doublers 
(Aluminum) 


Grip  &  drag  plates 
(Aluminum) 


Grip  pad 
(Steel) 


Grip  &  drag  bushings 
(Steel) 


Root  closure 
(Aluminum) 


Tip  closure 
(Fiberglass) 


Root  cap 
(Aluminum) 


Tip  cap 
(Aluminum) 


5 

6 

TJ 

V 

<X> 

0) 

T3 

4J  1 

o 

C  i 

U 

<V  II 

U 

Q  I 

n 

0 

1 


u  v 

O  O'  u 
C  "5 

w  a;  -h  i 

C  W  in  i/i  -o 

>i  o  own 

O  >  r»  .04  n) 

»o  j  £  X 


Codes:  A  *  Acceptable  as  is  (if  within  limits) 
R  *  Repair  (if  within  limits) 

I  ■  Install  replacement  detail 
S  ■  Scrap  rotor  blade 
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TABLE  XVI.  POTENTIAL  DAMAGES  AND  MAINTENANCE 
ACTIONS,  CONCEPT  3 


2 

3 

Bent, 

Distorted 

Punctured, 

Torn 

5 

6 

*0 

0) 

01 

*0 

4J 

0 

c 

u 

01 

u 

o 

0 

u 

Blade 

Detail 


Abrasion  sheath 
(None  used) 


Spar 

(Stainless) 


Skin 

(Fiberglass) 


Core 

(Nome?:) 


T  F  Spline 
(Fiberglass) 


Trim  tab 
(Aluminum) 


Root  doublers 
(Stainless) 


Grip  t  drag  plates 
(Aluminum) 


Grip  pad 
(Steel) 


Grip  6  drag  bushings 
(Steel) 


Root  closure 
(Stainless) 


Tip  closure 
(Fiberglass) 


Root  cap 
(Stainless) 


Tip  cap 
(Aluminum) 


S  S  S  S 


S  S  S  S 


R 


A 

i  i 


s  s  s 


s  s  s 


s  s 


s  s 


r! 


U  01 

O  O'  n 
c  m 

O  -H  S 
m  tn  *0 

o  ^ 

S  h  « 

x.  x 


R  A  A  R 
III 


Codes:  A  *  Acceptable  as  is  (if  within  limits) 
R  -  Repair  (if  within  limits) 

I  «  Install  replacement  detail 
S  -  Scrap  rotor  blade 


The  use  of  reinforced  plastic  skins  and  nonmetallic  honey¬ 
comb  core  can  be  seen  to  be  an  integral  part  of  the  overall 
repairability  of  the  blade  concepts.  The  maintenance  analyses 
and  maintainability  predictions  performed  in  Appendix  VI,  and 
used  in  the  estimates  of  operational  costs,  use  these 
preliminary  schemes  as  a  basis. 

The  repair  schemes  shown  in  Figures  32  through  36  are  pre¬ 
liminary  in  nature,  as  appropriate  to  the  preliminary  design 
phase.  Subsequent  phases  of  the  program  will  include  detail 
design  of  the  repair  schemes,  the  appropriate  kits,  and  the 
equipment  required.  Stress  analyses  will  give  final  definition 
to  the  repair  limits. 


Figure  33.  Field  Repair  Scheme 


Figure  34.  Field  Repair  Scheme,  Skin-Core  Through  Patch 
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Figure  35.  Field  Repair  Blend  Limits,  Trailing  Edge. 
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Figure  36.  Field  Repair  Blend  Limits,  Root  Reinforcement. 
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SURVIVABILITY 

The  survivability  of  the  current  UH-1H  main  rotor  blade  and 
the  field-repairable/expendable  blade  Concepts  1  and  3  have 
been  investigated  based  on  data  from  the  application  of  the 
damage  scenario  to  these  blade  designs  during  the  maintain¬ 
ability  and  reliability  analyses.  The  criteria  used  for 
evaluating  survivability  are  the  hazard  classification  and 
repairability  of  predicted  damage  events.  The  hazard 
classification,  or  criticality  code,  of  damage  events  provides 
an  estimate  for  survivability  of  the  total  system,  that  is, 
the  aircraft  and  crew,  while  the  repairability  of  damage  events 
gives  an  estimate  for  survivability  of  the  rotor  blade  alone 
as  a  unit  of  the  total  aircraft  system.  Table  XVII  lists  the 
criticality  code  and  repairability  fractions  for  damage 
events  reported  previously  in  the  failure  modes  and  effects 
analysis  for  the  current  rotor  blade  and  for  Concepts  1  and 
3  that  are  important  in  evaluating  survivability.  Data  are 
presented  for  each  type  of  damage  defined  in  the  damage 
scenario  as  well  as  for  total  external  causes  and  the  total 
damage  scenario.  From  the  safety  viewpoint,  the  survivability 
of  the  current  and  new  rotor  blade  designs  can  be  compared 
using  the  fraction  of  total  damage  events  classified  in  the 
critical  category,  as  listed  in  Table  XVII.  Note  that  damage 
events  assigned  a  critical  hazard  classification  would  re¬ 
quire  a  mandatory  abort  to  assure  system  survival,  but  damage 
events  assigned  to  the  less  serious  classifications  of  mar¬ 
ginal  or  negligible  would  permit  completion  of  the  mission 
without  injury  to  the  crew  or  major  damage  to  the  aircraft. 

Dents  constitute  the  largest  single  type  of  damage,  accounting 
for  54  percent  of  all  external  damage  events  and  42  percent 
of  the  total  number  of  events  within  the  damage  scenario  that 
fall  on  the  presented  areas  of  the  three  blade  designs.  Both 
field-repairable/expendable  rotor  blade  Concepts  1  and  3 
show  a  reduction  in  the  fraction  of  critical  damage  events. 

This  is  due  primarily  to  the  larger  presented  area  of  the 
spars  of  these  two  designs  experiencing  an  increased  number 
of  dent  events  compared  to  the  current  blade  design,  and 
fewer  dents  in  the  other  blade  components.  Since  the  depths 
of  dents  specified  in  the  damage  scenario  are  reduced  when 
they  occur  on  the  relatively  hard  metal  spar  area,  most  of 
these  are  classified  as  either  marginal  or  negligible  damage 
events.  Concepts  1  and  3  also  exhibit  a  marked  increase 
in  the  fraction  of  repairable  dent  damage  events,  mainly 
because  the  fiberglass  skins  of  these  designs  can  be  readily 
repaired  in  the  field  while  the  aluminum  alloy  skin  of  the 
current  blade  cannot  be  repaired  in  the  field. 
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TABLE  XVII.  DAMAGE  DATA  FOR 

SURVIVABILITY  ANALYSIS 

Type  of 

Deunage  Event 

MRB 

Configure 

tion 

Damage 

Category 

Current 

UH-1H 

Concept  1 

Concept  3 

External 

Dent 

Number  of  Events 

1846 

1846 

1846 

Fraction  Critical 

.57 

.45 

.42 

"  Marginal 

.30 

.52 

.33 

"  Negligible 

.13 

.03 

.25 

"  Repairable 

.27 

.60 

.  60 

"  Scrap 

.73 

.40 

.40 

Puncture 

Number  of  Events 

677 

677 

677 

Fraction  Critical 

.27 

.36 

.45 

"  Marginal 

.64 

.64 

.55 

"  Negligible 

.09 

— 

— 

"  Repairable 

.64 

.64 

.55 

"  Scrap 

.36 

.36 

.45 

Foreign 

Number  of  Events 

554 

554 

554 

Object 

Fraction  Critical 

.28 

.28 

.22 

Damage 

"  Marginal 

.39 

.39 

.33 

"  Negligible 

.33 

.33 

.45 

Repairable 

.55 

1.00 

1.00 

"  Scrap 

.45 

Tear 

Number  of  Events 

370 

370 

370 

Fraction  Critical 

.25 

.25 

.16 

"  Marginal 

.25 

.25 

.34 

!  Negligible 

.50 

.50 

.50 

"  Repairable 

.50 

1.00 

1.00 

"  Scrap 

.50 

Total  of 

Number  of  Events 

3447 

3447 

3447 

External 

Fraction  Critical 

.43 

.38 

.36 

Causes 

"  Marginal 

.37 

.49 

.38 

Negligible 

.20 

.13 

.26 

Repairable 

.41 

.72 

.70 

"  Scrap 

.59 

.28 

.30 
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TABLE  XVII  -  Continued 


Typo  of 
Damage 

Damage  Event 
Category 

MRB  Configuration 

Current 

UH-1H 

Concept  1 

Concept  3 

Battle 

Number  of  Events 

923 

923 

923 

Damaqe 

Fraction  Critical 

.67 

.67 

.83 

"  Marginal 

.33 

.33 

.17 

Negligible 

- 

- 

- 

Repairable 

.07 

.80 

.60 

"  Scrap 

.93 

.20 

.40 

Total 

Number  of  Events 

4370 

4370 

4370 

Damage 

Fraction  Critical 

.48 

.44 

.46 

Scenario 

"  Marginal 

.37 

.46 

.33 

Negligible 

.15 

.10 

.21 

Repairable 

.34 

.73 

.68 

"  Scrap 

.66 

.27 

.32 

Punctures  are  defined  here  as  holes  penetrating  through  half 
the  blade  thickness.  Damage  of  this  type  comprises  20  percent 
of  external  damage  events  and  15  percent  of  all  damage  scenario 
hits  on  the  blades.  Concepts  1  and  3  experience  more  spar 
punctures  than  the  current  blade  design  because  of  their 
larger  spar  presented  areas.  Since  punctures  of  the  spar  are 
considered  to  be  critical,  nonrepayable  events,  both  of  the 
new  designs  show  an  increase  in  the  fraction  of  critical 
damage  events.  Concept  3,  which  has  the  largest  spar  presented 
area,  exhibits  the  largest  fraction  of  critical  events.  The 
repairability  of  the  current  blade  design  and  that  of  Concept 
1  are  comparable,  but  that  of  Concept  3  is  considerably  less. 
The  relatively  large  number  of  spar  puncture  events  experienced 
by  Concept  3  causes  a  significant  reduction  in  the  fraction  of 
repairable  puncture  events. 

Foreign-object  damage  and  tears  are  the  remaining  types  of 
external  damage  causes.  These  make  up  approximately  16  per¬ 
cent  and  11  percent  respectively  of  all  external  damage  events 
and  13  percent  and  8  percent  respectively  of  all  damage 
scenario  events  incident  on  the  blade  areas.  The  fraction  of 
critical  events  for  these  types  of  damage  is  comparable  for 
the  current  blade  and  Concept  1,  while  Concept  3  shows  a 
slightly  smaller  critical  fraction.  Virtually  all  tear  and 
foreign-object  damage  experienced  by  Concepts  1  and  3  is 
repairable,  which  represents  a  substantial  improvement  over 
the  repairability  of  the  current  blade. 

The  data  of  Table  XVII  for  the  total  of  external  damage  causes 
indicate  that  Concepts  1  and  3  differ  only  slightly  in  the 
fraction  of  critical  damage  events,  both  showing  significant 
improvement  over  the  current  blade  design  in  this  respect. 

The  new  designs  also  exhibit  a  substantial  increase  in  re¬ 
pairability  compared  to  the  current  blade.  Concept  1  has  a 
slight  advantage  over  Concept  3  in  repairability  since  Con¬ 
cept  3,  due  to  its  larger  spar  presented  area,  experiences 
more  nonrepayable  spar  puncture  damage  events.  The  total 
of  external  causes  includes  all  events  of  the  damage  scenario 
falling  on  the  blade  presented  area  except  those  events  de¬ 
fined  as  battle  damage.  Thus  these  data  are  considered  to  be 
representative  of  the  comparative  survivability  of  the  three 
rotor  blade  designs  in  a  noncombat  environment.  For  this 
case,  Concepts  1  and  3  are  both  judged  to  be  superior  to  the 
current  blade  design  in  survivability  characteristics.  Be¬ 
cause  the  differences  indicated  between  Concepts  1  and  3  in 
the  fraction  of  critical  events  and  in  repairability  are 
relatively  minor,  these  two  designs  are  judged  to  be  of 
approximately  equal  survivability  in  noncombat  situations. 
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Battle  damage,  defined  a.i  projectile  penotration  through  full 
blade  thickness,  accounts  for  21  percent  of  all  damage  scenario 
events  incident  on  the  blade  presented  area.  For  this  type  of 
damage.  Concept  3  shows  a  substantially  greater  fraction  of 
critical  events  than  either  Concept  1  or  the  current  blade 
design.  Once  again,  this  is  due  to  the  significantly  larger 
presented  area  of  the  formed  sheet-metal  spar  experiencing  a 
greater  number  of  ballistic  damage  strikes,  all  of  which  are 
considered  to  be  critical  events.  Concepts  1  and  3  both  offer 
substantially  greater  repairability  for  battle  damage  than  the 
current  blade  design.  Concept  1,  however,  is  still  considera¬ 
bly  more  repairable  than  Concept  3  because  the  larger  number 
of  spar  hits  taken  by  Concept  3  are  all  nonrepayable . 

The  total  damage  scenario  data  presented  in  Table  XVII  shows 
that  Concept  1  has  the  smallest  fraction  of  critical  events, 
although  the  spread  among  tht  critical  fractions  for  the 
three  blade  designs  is  not  large.  In  addition.  Concept  1 
still  holds  an  edge  over  Concept  3  in  repairability,  but  both 
of  these  new  designs  are  much  more  repairable  than  the  current 
blade  design. 

In  summary,  total  system  survivability  from  the  safety  view¬ 
point,  as  measured  by  the  fraction  of  critical  events  for 
the  total  damage  scenario,  gives  a  slight  advantage  to  Concept 
1  over  Concept  3  and  the  current  blade  design.  However, 
differences  noted  in  critical  damage  fractions  for  the  three 
blade  designs  are  negligible,  for  all  practical  purposes,  in  ! 

light  of  the  qualitative  judgments  involved  in  evaluating  the 
hazard  classifications  of  damage  events  incident  on  the  vari¬ 
ous  rotor  blade  components.  From  the  rotor  blade  survivability 
viewpoint,  as  measured  by  the  fraction  of  repairable  damage 
events,  both  Concepts  1  and  3  are  far  superior  to  the  current 
blade,  with  Concept  1  having  an  edge  over  Concept  3  because  of  ! 

the  fewer  number  of  nonrepayable  events  experienced  by  the 
Concept  1  spar.  In  both  respects,  the  survivability  of  Con¬ 
cept  3  suffers  because  of  the  large  presented  area  of  the 
formed  sheet-metal  spar  exposed  to  the  damage  scenario. 
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Typical  outputs  from  the  life-cycle  cost  machine  program  are 
given  in  Appendix  VII.  Because  of  the  rapid  turnaround  time 
from  the  conversational  computer,  it  was  possible  to  vary 
many  of  the  parameters  and  establish  trends. 

Table  XVIII  presents  a  comparison  of  the  helicopter  life-cycle 
blade-related  costs  for  the  current  UH-1H  main  rotor  blade 
and  for  each  of  the  design  concepts  evaluated.  These  com¬ 
parisons  are  made  at  mean-tirae-between-failures  of  600  hours 
and  1000  hours  applied  to  the  current  blade  as  currently 
operated.  For  the  design  concepts,  these  MTBF's  are  somewhat 
higher,  dependent  on  the  "survivability  factor",  which  is 
simply  the  ratio  between  the  number  of  failures  accumulated 
for  the  current  blade  and  the  number  to  which  these  reduce 
when  the  causes  are  applied  to  each  field  repairable/expenda¬ 
ble  blade  concept.  A  better  term  would  be  "reliability 
factor” . 

Figure  37  illustrates  the  effect  of  initial  procurement  cost 
on  life-cycle  costs.  Figure  38  that  of  vulnerability  and 
reliability,  expressed  as  time  between  failures,  Figure  39 
that  of  repairability ,  and  Figure  40,  that  of  fatigue  life 
on  life-cycle  costs.  Figures  41  and  42  repeat  Figures  38  and 
39,  respectively,  for  a  noncombat  operational  environment. 

It  was  initially  intended  that  a  value  of  914  hours  between 
failures,  from  Table  E-I  of  Reference  1,  would  be  used  as  the 
basis  for  determining  rates  of  failure  and  life-cycle  costs, 
as  planned  in  Appendix  II.  However,  subsequent  information 
has  indicated  that  this  may  be  an  unconservative  number,  so 
the  curves  of  Figures  38  and  42  are  plotted  for  a  range  of 
failure  rates.  The  other  curves  use  600  hours  as  the  base 
MTBF . 

It  should  also  be  noted,  from  Appendix  VII,  that  incorporation 
of  depot  repair  in  the  maintenance  cycle  of  the  current  blade 
saves  an  almost-negligible  $700  (in  $45,000)  in  the  cost  of 
each  helicopter  life  cycle. 
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TABLE  XVIII.  LIFE-CYCLE  COST  SUMMARY 

Mean  Time  Between  Failures 

600  Hours 

1000  Hours  | 

(Current  Blade  Operations  as  Base) 

Concept 

Life-Cycle  Blade  Costs  $K 

A.  With  Combat 

Current  UH-1D/H  Blade 

60.36 

44.02 

1 

33.86 

27.16 

2 

34.67 

27.81 

3 

48.37 

38.98 

4 

48.69 

39.23 

5 

46.15 

37.18 

6 

46.48 

37.45 

7 

34.15 

27.39 

8 

34.95 

28.04 

9 

34.11 

27.37 

10 

34.92 

28.02 

11 

38.92 

31.40 

12 

39.79 

32.03 

B.  Without  Combat 

Current  UH-1D/H  Blade 

54.32 

40.86 

1 

31.15 

25.47 

2 

31.89 

26.08 

3 

44.48 

36.08 

4 

45.03 

35.80 

5 

42.43 

36.22 

6 

42.89 

34.57 

7 

31.41 

26.68 

8 

32.15 

26.29 

9 

31.39 

25.66 

10 

32.13 

26.27 

11 

35.89 

29.45 

12 

36.63 

30.06 
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Figure  38.  Life-Cycle  Costs  vs.  Mean  Time 
Between  Failures. 
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CONCLUSIONS 


The  application  of  maintainability  and  reliability  criteria 
during  the  preliminary  design  phase  has  resulted  in  a 
significant  theoretical  reduction  in  potential  blade-related 
life-cycle  costs.  These  criteria  were  applied  to  all  the 
field  repairable/expendable  main  rotor  blade  concepts 
examined,  and  all  show  a  reduction  in  cost  below  that  of  the 
current  blade.  Figure  37  shows  that  for  the  FREB  concepts, 
life-cycle  costs  are  approximately  proportional  to  initial 
procurement  cost,  while  the  current  blade,  whose  initial 
price  (at  $3000)  is  toward  the  low  end  of  the  range,  has  the 
highest  operating  costs  of  all. 

During  this  phase  of  the  program,  it  became  evident  that  the 
maintainability  analysts,  who  normally  provide  a  service 
function  after  aircraft  systems  are  in  operation,  are  not 
accustomed  to  influencing  the  design  process  from  its 
initiation.  One  recommendation  to  be  made  here  is  that  means 
should  be  found  for  using  their  valuable  accumulation  of 
experience  from  the  start  of  design,  of  any  system,  as  a 
matter  of  habit.  Reduced  maintenance  costs  would  then  result 
from  foresight  rather  than  hindsight.  In  Phase  II  of  this 
program,  the  maintenance  analysts  will  have  drawing  sign-off 
privileges . 

POTENTIAL  FOR  ACHIEVING  PROGRAM  GOALS 


Any  of  the  design  concepts  examined  shows  a  significant 
reduction  in  life-cycle  costs  below  those  attributable  to  the 
current  blade.  With  the  exception  of  the  acoustic  signature, 
none  of  the  technical  requirements  are  jeopardized  by  any  of 
the  concepts,  although  special  treatment  of  the  aft  surface 
may  be  required  to  avoid  an  increase  in  radar  reflectivity. 
The  technical,  operational,  and  cost  goals  can  be  met,  as 
outlined  below. 

•  Weight  and  Balance:  Each  of  the  concepts  studied  can 
meet  the  weight  and  balance  limits,  with  the  appropriate 
design  of  tip  weights. 

•  Dynamic  Characteristics:  The  computed  dynamic  behavior 
of  all  concepts  is  similar  to  that  of  the  current  UH-1H. 

•  Stress  Levels:  The  concepts  with  aluminum  spars  show  a 
slight  reduction  in  margin  of  safety  below  that  of  the 
current  blade.  This  may  result  in  a  sliqht  reduction  in 
fatigue-limited  allowable  service  life.  Figure  40  shows 
that  a  reduction  in  fatigue  life  has  a  relatively  small 


124 


.  ••  ■ 1  "  . - . .  . . . . . 


effect  on  life-cycle  costs,  which  remain  substantially 
reduced  from  those  of  the  current  blade. 

•  Aerodynamic  Performance:  The  aerodynamic  performance  is 
unchanged  for  six  of  the  concepts,  but  those  with  the 
simplified  airfoil  may  be  penalized  in  forward  flight  by 
the  decrease  in  drag-divergence  Mach  number. 

•  Radar  Cross  Section:  The  RCS  study  shows  that  the  increased 

nose  radius  of  the  simplified  section  may  give  a  minor 

increase  in  radar  return  from  the  leading  edge  and  that 

the  return  in  the  trailing-edge  aspect  will  be  significantly 
increased.  The  latter  effect  can  be  eliminated  by  the 

use  of  reflecting  paint  on  the  reinforced-plastic  aft 
skins. 

•  Acoustic  Signature:  The  noise  generated  by  six  of  the 
concepts  will  be  the  same  as  that  of  the  current  blade, 
but  those  six  having  the  simplified  airfoil  section 
cannot  meet  this  criterion. 

i, 

•  Maintenance  Time:  The  95i:n  percentile  maximum  elapsed 
time  for  active  corrective  maintenance  is  predicted  to 
be  below  or  very  slightly  above  the  3.0-hour  goal  for 
each  of  the  concepts. 

•  Survivability:  The  survivability  of  each  of  the  concepts 

is  expected  to  be  slightly  improved  over  that  of  the  current 
blade. 

•  Life-Cycle  Costs:  Each  of  the  concepts  examined  shows  a 
theoretical  prediction  of  helicopter  life-cycle  blade- 
related  costs  considerably  below  those  associated  with 
the  current  blade,  in  both  combat  and  noncombat 
environments.  The  lowest  overall  costs  are  associated 
with  the  lowest  initial  procurement  price. 

CONCEPT  SELECTION 


All  of  the  concepts  using  the  modified  ("simplified")  airfoil 
section  are  eliminated  from  contention  by  their  degradation 
in  acoustic  signature,  and  possibly  in  forward-flight 
performance . 

Of  the  remaining  six  concepts,  that  with  the  lowest  predicted 
life-cycle  costs  is  Concept  2,  which  therefore  is  chosen  as 
the  concept  with  which  the  remainder  of  the  program  will 
continue.  Although  not  a  consideration  in  this  selection, 
this  concept  is  also  the  least  expensive  to  manufacture  in  the 
quantities  required  for  development. 
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APPENDIX  I 


DESIGN  SPECIFICATION. 

HELICOPTER  MAIN  ROTOR  BLADE 

1.0  GENERAL 

This  specification  provides  design  requirements  for  a  field-repairable/ 
expendable  main  rotor  blade  for  a  medium  utility  helicopter. 


System  Compatibilitv 


The  rotor  blade  shall  be  aerodynamically ,  dynamically,  and  structurally 
compatible  with  the  airframe  of  the  UH-lH  helicopter,  and  with  the 
missions  for  which  that  helicopter  is  used. 


1.1.1  The  vibration  level  attributable  to  the  main  rotor  shall  not  be 
increased  from  that  of  the  UH-lH  helicopter  a8  equipped  at  the 
date  of  this  specification. 


1.1.2  The  loads  applied  to  the  rotor  hub  by  the  field-repairable/expen¬ 
dable  blades  shall  not  be  so  high  as  to  reduce  the  fatigue  life  of 
the  hub  structure  nor  the  service  life  of  bearings  or  other  com¬ 
ponents.  The  static  strength  of  the  hub  shall  not  be  exceeded. 

1.1.3  Clearance  from  the  fuselage  to  the  field-repairable/expendable  blade 
shall  not  be  significantly  less  than  that  to  the  current  blade,  i.e., 
the  blade  installed  on  the  main  rotor  of  the  UH-lH  helicopter  at  the 
date  of  this  specification. 

1.1.4  The  blade  shall  extend  from  the  root  cutoff  at  rotor  station  24.5 
to  the  tip  at  rotor  station  288.0  (24.5  and  288.0  inches,  respect¬ 
ively,  from  the  center  of  rotation)  .  The  tip  cap  and  tracking  nib 
may  extend  beyond  rotor  station  288.0  by  no  more  than  1.63  inches, 
but  major  structural  components  shall  not. 

1.1.5  The  chord  length  shall  be  21.0  inches,  constant  from  root  to  tip. 

1.1.6  The  maximum  thickness  of  the  clean  airfoil  section  shall  be  2.52 
inches. 

1.1.7  The  blade  shall  be  twisted  10.9°  from  the  center  of  rotation  to  the 
tip  (27.27'  per  foot). 

1.1.8  The  root  attachments  shall  be  a  2.5-inch  bolt  at  rotor  station  28.0 
and  chord  station  3.750  (measured  from  the  leading  edge)  and  a 
1.125-inch  bolt  at  rotor  station  26.0  and  chord  station  19.5.  The 
thickness  through  the  main  retention  shall  be  4.5  inches,  and  1.9 
inches  through  the  drag  strut  fitting. 
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1 .  i  Interchangeability 


It  shall  be  possible  to  remove  any  one  blade  of  the  f ield-repairable/ex- 
pendable  series  and  replace  it  by  another  of  the  series  and  achieve  bal¬ 
ance,  track,  and  acceptable  flying  qualities  without  adjustment  of 
weights.  The  only  acceptable  adjustments  will  be  to  the  pitch  link  and 
trim  tab. 

1 . 3  Expendability 

To  meet  the  requirement  that  the  cost  impact  of  abandoning  the  blade  be 
minimized,  the  blade  price  in  quantity  production  shall  not  exceed  $4000 
per  unit. 

1 . 4  Reliability 

The  occurrence  of  damage  due  to  inherent  causes  shall  be  minimized. 

1.4.1  If  any  materials  are  used  which  are  not  known  to  be  corrosion  re¬ 
sistant,  such  materials  will  be  protected  against  corrosion  per 
MIL-F-7179D,  Type  1. 

1.4.2  The  leading  edge  shall  be  protected  against  erosion  by  rainfall  as 
defined  for  Category  2  of  AR  70-38.  The  blade  shall  be  assumed  to 
operate  in  the  12-hour  rainfall  defined  in  2-8c  of  AR  70-38  for  10% 
of  its  allowable  service  life.  The  leading  edge  shall  not  be 
eroded  sufficiently  to  cause  significant  degradation  in  aerodyna¬ 
mic  performance  or  structural  integrity. 

1.4.3  The  leading  edge  shall  be  protected  against  abrasion  by  sand  and 
dust  as  defined  for  Category  4  of  AR  70-38.  The  blade  shall  be 
assumed  to  hover  in  ground  effect  for  3%  of  its  allowable  service 
life,  in  sand  and  dust  particles  as  defined  in  2-10f  and  2-10g  of 
AR  70-38,  except  that,  for  unit  ground  area,  sand  particles  shall 
be  distributed  up  to  the  rotor  height,  with  half  the  particles 
below  1/10  rotor  height,  and  dust  particles  will  be  distributed 
to  the  rotor  height. 

1.4.4  The  number  of  adhesive  bond  lines  subject  to  delamination  shall  be 
minimized.  The  basic  blade  (excluding  root  and  tip  reinforcement 
and  hardware)  shall  be  made  up  of  not  more  than  eight  components. 

1.5  Vulnerability 

The  severity  of  damage  due  to  external  causes  shall  be  minimized, 

1.5.1  Thin  sheet  components  shall  be  of  such  thicknesses  and  materials 
as  to  resist  damage  due  to  impact  equivalent  to  a  1-pound  steel 
ball  dropped  from  a  height  of  2  feet. 


130 


1.5.2  Thin  sheet  components  shall  be  of  materials  such  that  puncture 
damage  will  not  immediately  propagate  into  a  tear. 

1.5.3  Internal  support  structure  shall  be  of  resilient  material  such 
that  negligible  surface  damage  does  not  cause  internal  damage. 

1.5.4  Impact  with  immovable  objects,  such  as  a  tree  strike,  having 
energy  insufficient  to  cause  significant  damage  to  structural  com¬ 
ponents  shall  not  cause  delamination  of  adhesive  bond  joints. 

1.5.5  No  component  shall  be  of  any  material  that  will  shatter  or  dis¬ 
integrate  due  to  nonexplosive  ballistic  damage,  up  to  and  includ¬ 
ing  penetration  by  a  23mm  API  round. 

1.6  Survivability 

The  rotor  blade  shall  be  designed  so  that  initially  marginal  damage  shall 

not  b  come  catastrophic  before  the  aircraft  can  return  to  base. 

1.6.1  Where  possible,  primary  structure  shall  be  designed  with  alter¬ 
nate  load  paths,  each  capable  of  carrying  the  centrifugal  force 
and  bending  mome  ,ts  associated  with  undamaged  blades  in  maneuvers 
up  to  1.2  g  at  cruise  speed,  for  a  minimum  of  ten  (10)  hours. 

1.6.2  Materials  shall  be  used  throughout  whose  crack  propagation  rates 
are  slow  enough  that  initially  marginal  damage  shall  not  become 
catastrophic  for  a  minimum  of  ten  (10)  hours,  under  the  centri¬ 
fugal  force  and  bending  moments  associated  with  undamaged  blades 
in  maneuvers  up  to  1.2  g  at  cruise  speed. 

1.6.3  On  impact  with  immovable  objects,  damage  shall  be  confined  to 
deformation,  or  bending,  and  no  component  shall  fracture  or  separ¬ 
ate  . 

1.6.4  Nonexplosive  ballistic  damage,  up  to  and  including  penetration  by 
a  23mm  API  round,  shall  not  be  catastrophic;  that  is,  material 
dislodged  or  detached  from  the  blade  shall  be  of  insufficient 
mass  to  cause  an  unmanageable  increase  in  vibration  level  in  the 
aircraft. 

1.7  Maintainability 

All  allowable  repairs  shall  be  safely  and  reliably  accomplishable  at  the 

using  unit  level.  Routine  maintenance  shall  be  performed  at  the  using 

unit  level. 

1.7.1  Repairs  requiring  replacement  of  primary  structural  material  shall 
not.  be  Deimissible,  and  damage  to  such  material  shall  be  cause 
for  scrap.  Delamination  of  adhesive  bonds  involving  primary 
structure  shall  be  cause  for  scrap. 
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1.7.2  The  skill  level  of  the  maintenance  personnel  shall  be  that  of  a 
UH"1  helicopter  repairman,  MOS  67N2Q. 

1.7.3  No  more  than  two  men  rliall  be  required  to  accomplish  any  indivi*- 
dual  maintenance  action,  exlusive  of  blade  removal  and  replacement 

1.7.4  The  time  goal  to  accomplish  any  individual  repair  shall  be  no 
greater  than  3,0  hours,  including  any  required  adhesive  cure  time 
and  correction  of  balance  and  track. 

1.7.5  Not  more  than  5%  of  the  repairable  damage  occurrences  shall  re¬ 
quire  removal  of  the  blade  from  the  aircraft. 

1.7.6  The  maximum  elapsed  corrective  maintenance  time  (at  the  95th 
percentile  confidence  level)  to  return  the  aircraft  to  operational 
readiness  status  shall  be  3.0  hours,  for  the  entire  population  of 
corrective  maintenance  tasks. 

1.7.7  Blade  balance  shall  be  corrected  using  easily  accessible  adjust¬ 
able  weights  installed  at  the  tip.  The  amount  of  weight  change 
shall  be  simply  defined  and  related  to  each  individual  repair. 

1.7.8  Dents,  nicks,  and  scratches  shall  be  repaired  by  blending  and/or 
filling,  unless  structural  or  contour  degradation  is  not  signifi¬ 
cant. 

1.7.9  Repairs  to  punctures,  tears,  and  cracks  shall  be  designed  to  mini¬ 
mize  stress  concentrations,  and  shall  be  permissible  only  in  those 
areas  and  materials  where  stress  concentrations  will  not  cause 
subsequent  secondary  failures. 

1.7.10  Punctures,  tears,  and  cracks  shall  be  cleaned  up  and  repaired 
using  standard,  prepackaged  repair  kits.  The  repair  kits  shall 
contain  patch  materials  (protected  against  contamination)  ,  clean¬ 
ing  materials,  and  adhesives  in  measured  quantities  appropriate 
to  the  patch  size. 

1.7.11  Heat  and  pressure  sources  will  preferably  be  self-contained  in  the 
repair  kits,  but  use  of  aircraft  on-board  au>.$liary  power  will  be 
permissible. 

1.7.12  Support  equipment  needed  to  effect  repairs  shall  be  minimized 
and  shall  be  suitable  for  deployment  at  company  level. 

1.8  Radar  Cross  Section 


The  radar  return,  at  all  frequencies  appropriate  to  possible  threat  ra¬ 
dars,  shall  not  exceed  that  of  an  all-metal  blade  of  288.0  inches  radius, 
21.0  inches  chord,  and  NACA  0012  airfoil  section. 
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1.8.1  The  total  of  the  appropriately  weighted  returns  from  both  lead¬ 
ing-  and  trailing-edge  aspects  shall  not  exceed  that  of  the  tar¬ 
get  described  above. 

1.8.2  The  peak  return  at  any  aspect  shall  not  exceed  the  peak  return 
from  the  target  described  above. 

1.9  Acoustic  Signature 

The  acoustic  detectability  of  the  f ield-repairable/expendable  blade 
shall  not  exceed  that  of  a  blade  of  288.0  inches  radius,  21.0  inches 
chord,  and  NACA  0012  airfoil  section,  with  square  tips. 

2.0  WEIGHT  AND  BALANCE 


The  weight  and  balance  characteristics  shall  not  represent  a  degradation 
from  the  current  blade,  in  terms  of  rotor  system  and  control  system 
loads,  but  the  field-repairable/expendable  blades  need  not  be  directly 
interchangeable  with  the  current  blade. 

2.1  Total  Weight 

The  total  weight,  including  balance  adjustment,  of  the  fie  Id -repairable/ 
expendable  rotor  blade,  based  on  nominal  component  dimensions  and  mater¬ 
ia?  densities,  shall  not  exceed  203.5  pounds. 

2.2  Mass  Moment  About  Center  of  Rotation 


The  nominal  first  moment  of  mass  about  the  center  of  rotation  shall  not 
exceed  29,000  in. -lb. 

2.3  Chordwise  Center  of  Gravity 

The  nominal  center  of  gravity  shall  not  be  farther  than  5.78  inches 
(27.5%  chord)  from  the  leading  edge. 

2.4  Dynamic  Mass  Axis 

The  dynamic  mass  axis,  or  span-weighted  chordwise  center  of  gravity,  as 
obtained  by  dividing  the  nominal  product  of  inertia  about  the  leading 
edge  and  center  of  rotation  by  the  nominal  first  moment  of  mass  about 
the  center  of  rotation,  shall  not  be  farther  than  5.15  inches  (24.5% 
chord)  from  the  leading  edge. 

2.5  Kinetic  Energy 

In  order  to  provide  sufficient  response  time  in  the  event  of  an  engine 
failure,  the  second  moment  of  mass  about  the  center  of  rotation  shall  not 
be  less  than  1000  slug-ft  for  one  nominal  blade. 
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3.0 


STRUCTURE 


The  strength  and  stiffness  of  the  blade  structure  shall  not  allow  a  sig- 
nificant  decrease  in  fatigue  life,  nor  a  significant  degradation  in  dy¬ 
namic  characteristics,  from  those  of  the  current  blade. 

3.1  Static  Strength 

The  bending  strength  of  the  blade  shall  be  capable  of  supporting  the 
blade  as  a  cantilever  under  an  ultimate  acceleration  of  at  least  4.0  g. 

3.2  Fatigue  Strength 

The  fatigue  life  under  the  maneuver  spectrum  defined  for  the  UH-1H 
utility  mission  shall  not  be  less  than  2000  hours. 

3.3  Flatwise  Stiffness 


The  flatwise  bending  stiffness  shall  be  such  that  the  downward  deflection 
at  the  blade  tip,  under  1.0  g  acceleration,  with  the  root  fixed  in  a 
horizontal  attitude,  shall  not  exceed  8.0  inches. 

3.4  Edgewise  Stiffness 

In  order  to  provide  sufficient  margin  beyond  ground  self-excited  mechani¬ 
cal  instability  limits,  the  edgewise  bending  stiffness  at  rotor  station 
81.0  shall  not  be  less  than  2.2  billion  lb-in2. 

3.5  Torsional  Stiffness 


In  order  to  ensure  that  torsional  and  coupled  modes  of  blade  vibration 
have  no  greater  significance  than  those  of  the  current  blade,  the  tor¬ 
sional  stiffness  of  the  field-repairable/expendable  blade  shall  average 
over  the  span,  no  less  than  29.0  million  lb-in2  and  shall  not  be  less 
thar  31.0  million  lb-in2  at  rotor  station  81.0. 


4.0  SPARS 

4.1  Spars  composed  of  more  than  one  component  shall  have  structural 
material  apportioned  between  the  components  so  that  residual 
strength  after  complete  failure  of  any  one  component  will  allow 
operation  for  a  minimum  of  ten  (10)  hours  under  the  loads  and 
moments  defined  in  1.6.1. 
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4.2  Thicknesses  and  types  of  adhesives  between  spar  components  shall  be 
selected  so  as  to  delay  crack  propagation  across  any  bond  line  for 

a  minimum  of  ten  (10)  hours  of  operation  under  the  loads  and  moments 
defined  in  1.6.1  and  1.6.2. 

4.3  Spars  composed  of  one  component  shall  be  made  from  material  whose 
crack  propagation  rate  shall  allow  normal  operation  for  a  minimum 

of  ten  (10)  hours  from  failure  initiation  to  critical  failure,  under 
the  loads  and  moments  defined  in  1.6.2. 

4.4  Both  internal  and  external  surfaces  of  the  spars  shall  be  resistant 
to  or  protected  from  corrosion  so  as  to  remain  serviceable  for  a 
minimum  of  five  (5)  years. 

4.5  Spar  repairs  shall  be  limited  to  blending  and/or  filling  of  dents, 
scratches,  and  nicks. 

5.0  SKINS 

5.1  Skin  materials  shall  be  corrosion  resistant. 

5.2  Skin  thicknesses  and  materials  shall  be  selected  so  that  impact  as 
defined  in  1.5.1  shall  cause  negligible  or  no  damage. 

5.3  The  structural  design  of  the  blade  shall  be  such  that  a  complete 
chordwise  skin  failure  aft  of  the  spar  shall  not  be  catastrophic. 

5.4  The  crack  propagation  rate  of  the  skin  material  shall  be  such  as  to 
allow  normal  operation  for  a  minimum  of  ten  (10)  hours  from  failure 
initiation  to  a  complete  chordwise  skin  failure,  aft  of  the  spar, 
under  loads  and  moments  as  defined  in  1.6.2. 

5.5  Thicknesses  and  types  of  adhesives  between  skins  and  adjacent  pri¬ 
mary  structure  shall  be  selected  so  as  to  delay  crack  propagation 
from  skin  to  adjacent  structure  for  a  minimum  of  ten  (10)  hours  of 
normal  operation  under  loads  and  moments  as  defined  in  1.6.1  and 
1.6.2. 

5.6  To  minimize  stress  concentrations  in  adjacent  structure  due  to  a 
failure  in  the  skin,  the  modulus  of  elasticity  of  the  skin  material 
shall  not  be  greater  than  that  of  any  adjacent  primary  structural 
material. 

5.7  Nicks  and  scratches  in  nonmetallic  skins  less  than  one-half  the  skin 
thickness  shall  be  considered  negligible,  but  they  may  be  filled  to 
improve  appearance, 

5.8  Any  damage  to  nonmetallic  skins  exceeding  one-half  the  skin  thick¬ 
ness  shall  be  removed  and  repaired  using  a  suitable  patch  kit. 
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5.9  Skin  repairs  and  patch  kits  shall  be  so  designed  that  the  fatigue 
life  of  a  patched  skin  shall  be  no  less  than  the  allowable  service 
life  of  the  undamaged  blade, 

5.10  Nicks  and  scratches  in  metal  skins  shall  be  polished  out  to  a  depth 
not  more  than  one-half  the  skin  thickness,  or  .015  inch,  whichever 
is  least. 

5.11  Any  damage  to  metal  skins  exceeding  one-half  the  skin  thickness  or 
.015  inch  shall  be  cause  for  scrapping  the  blade. 

5.12  Dents  less  than  .030  inch  deep  and  having  unbroken  surfaces,  in 
either  metal  or  nonmetal  skins,  shall  be  considered  negligible. 

6.0  SKIN  INTERNAL  SUPPORT  STRUCTURE 

6.1  Internal  structure  under  and  between  the  skins  shall  be  of  corrosion- 
resistant  material. 

6.2  Entrapment  and  migration  of  moisture  internally  shall  be  minimized. 

6.2.1  Honeycomb  internal  structure  shall  be  nonperf orated. 

6.3  For  any  given  damage  occurrence,  damage  to  the  internal  structure 
shall  be  no  more  severe  than  damage  to  the  skin. 

6.4  If  damage  to  internal  structure  is  expected  to  accompany  skin  damage 
as  defined  in  5.8,  repair  material  for  internal  structure  must  be 
included  in  the  patch  kits. 

7 . 0  TRAILING  EDGE 


If  a  separate  structural  spline  is  used  in  the  trailing  edge,  it  shall 

meet  the  following  requirements. 

7.1  The  spline  shall  be  fabricated  from  corrosion-resistant  material,  or 
protected  from  corrosion  so  as  to  remain  serviceable  for  a  minimum 
of  five  (5)  years. 

7.2  The  spline  shall  suffer  no  significant  damage  from  impact  equivalent 
to  that  of  a  24-ounce  ball-peen  hammer  allowed  to  swing  freely 
through  a  2 -foot  arc  on  a  3 -foot  radius. 

7.3  Nicks,  scratches,  and  cracks  not  extending  under  the  skin  shall  be 
repairable  by  blending.  Permissible  limits  of  material  removal  will 
be  determined  from  the  overall  structural  characteristics  of  the 
blade. 
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7.4  Surfaces  exposed  by  repair  shall  be  protected  from  corrosion  so  as 
to  remain  serviceable  for  a  minimum  of  fiye  (5)  years. 

7.5  Repairs  requiring  replacement  of  spline  structural  material  shall 
not  be  permissible. 

7.6  Spline  material  shall  be  selected  so  that  its  crack  propagation 
rate  shall  allow  operation  for  a  minimum  of  ten  (10)  hours  between 
failure  initiation  and  complete  spline  failure,  under  loads  and 
moments  as  defined  in  1.6.2. 

8.0  LEADING-EDGE  ABRASION  SHEATH 

8.1  Nonremovable  leading-edge  protection  material  shall  be  capable  of 
operating  in  the  sand  and  rain  environments  described  in  1.4.2  and 
1.4.3  for  at  least  the  allowable  service  life  of  the  blade  without 
being  abraded,  eroded,  or  corroded  through  to  its  substrate. 

8.2  Any  leading-edge  protection  material  which  is  not  capable  of  meeting 
the  requirement  of  8.1  shall  be  designed  to  be  removable. 

8.3  Removable  leading-edge  protection  material  shall  be  capable  of 
operating  in  the  sand  and  rain  environments  of  1.4.2  and  1.4.3  for 
a  minimum  of  500  hours  without  being  abraded,  eroded,  or  corroded 
through  to  its  substrate. 

8.4  For  any  removable  leading-edge  sheath,  it  shall  be  possible  to  remove 
the  protection  material  and  clean  off  its  supporting  adhesives  with¬ 
out  any  damage  to  other  blade  components. 

8.5  Removable  leading-edge  sheaths  shall  be  replaced  using  prepackaged 
kits  including  replacement  parts,  cleaning  materials,  and  adhesives. 

8.6  Replaced  leading-edge  sheaths  shall  be  capable  of  meeting  the 
requirement  of  8.3. 

9.0  LEADING-EDGE  BALLAST 

9.1  Impact  with  an  immovable  object,  such  as  a  tree  strike,  with  in¬ 
sufficient  energy  to  bend  or  severely  deform  the  blade  shall  not 
detach  the  leading-edge  ballast  from  its  surrounding  structure. 

9.2  Mechanical  retention  capable  of  retaining  the  leading-edge  ballast 
for  a  minimum  of  ten  (10)  hours  under  normal  centrifugal  force, 

in  the  event  of  severe  blade  damage  detaching  the  adhesive  bond 
between  the  ballast  and  surrounding  structure,  shall  be  provided. 

9.3  Removal  and  replacement  of  leading-edge  ballast  shall  not  be 
permitted. 
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10,0  BOOT 


10.1  If  the  root  reinforcement  is  designed  to  be  attached  outside  the 
basic  blade  structure,  the  reinforcement  shall  be  capable  of 
carrying  the  centrifugal  force  and  bending  moments  as  defined  in 

1.6.1  for  a  minimum  of  ten  (10)  hours  with  the  reinforcement 
completely  detached  from  one  or  the  other  surface  of  the  blade. 

10.2  Nicks  and  scratches  shall  be  repaired  by  blending.  Permissible 
limits  of  material  removal  shall  be  determined  from  the  structural 
characteristics  of  the  blade  root. 

10.3  Cracks,  dents,  and  punctures  shall  be  cause  for  scrapping  the 
blade. 

10.4  Repairs  requiring  replacement  of  material  other  than  nonstructural 
filler  or  paint  shall  not  be  permissible,  and  such  damage  shall  be 
cause  for  scrapping  the  blade. 

11.0  TIP 

11.1  Tip  covers  shall  be  interchangeable  independent  of  blade  disposi¬ 
tion.  Weights  of  all  tip  covers  shall  fall  within  a  range  of  .02 
pound. 

11.2  Tip  covers  susceptible  to  abrasion,  erosion,  or  corrosion  shall 
remain  serviceable  for  a  minimum  of  500  hours  between  replacements 
in  the  rain  and  sand  environments  described  in  1.4.2  and  1.4.3. 

11.3  Adjustable  tip  balance  weights  shall  be  easily  removed  and  replaced 
with  standard  tools  normally  available  at  the  using  unit  level. 

11.4  It  shall  be  impossible  to  reinstall  adjustable  tip  weights  in  in¬ 
correct  locations. 

12.0  ADHESIVE  SYSTEMS 

12.1  Adhesives  used  in  the  skin  and  core  area  shall  have  a  low  percen¬ 
tage  of  volatiles  to  be  compatible  with  the  nonperforated  core 
specified  in  6.2.1. 

12.2  Adhesives  subject  to  environmental  deterioration  shall  be  sealed 
along  all  exposed  bond  line  edges. 

12.3  Adhesives  used  to  effect  repairs  by  patching  shall  be  capable  of 
supporting  the  patch  for  the  allowable  service  life  of  the  blade 
under  the  full  spectrum  of  loads  and  moments  appropriate  to  the 
patch  location. 
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12.4  Adhesive  used  to  attach  a  removable  leading-edge  protection  sheath 
shall  be  capable  of  supporting  the  sheath  throughout  its  replace¬ 
ment  life. 

12.5  Adhesives  used  to  effect  repairs  shall  have  cure  times  compatible 
with  the  elapsed  time  limitation  of  1.7.4, 

12.6  Adhesives  used  to  effect  repairs  shall  utilize  heat  and  pressure 
sources  as  defined  in  1.7.11. 
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APPENDIX  II 


RELIABILITY  PROGRAM  PLAN 

This  plan  presents  the  method  of  approach  to  the  analysis  of  the 
reliability  of  the  field-repairable/expendable  main  rotor  blade 
concepts  developed  under  this  contract.  Together  with  the 
maintainability  analysis,  this  reliability  analysis  will  pro¬ 
vide  the  basis  for  estimating  life-cycle  costs  to  develop  the 
cost  effectiveness  of  the  various  concepts  relative  to  each 
other  and  to  the  standard  UH-1H  main  rotor  blade. 

The  reliability  analysis  will  be  based  on  field  experience  with 
the  UH-lH  helicopter,  as  presented  in  Reference  1,  modified  for 
differences  in  design  between  the  field-repairable/expendable 
concepts  and  the  standard  blade. 

The  analysis  performed  for  the  reliability  of  the  concept 
chosen  for  hardware  development  will  be  refined  during  the 
detail  design  phase  and  will  be  further  refined  at  the  con¬ 
clusion  of  the  programs  to  reflect  experience  gained  during 
the  test  phases.  The  final  life-cycle  cost  analysis  will  be 
based  on  this  last  refinement. 


140 


■MijiNMiiuaHiiaiMjUliiiliiiiiHfiliiidiilijttilliiilllHIIttiriil 


INTRODUCTION 


The  reliability  program  outlined  in  this  plan  is  a  basic  requirement  of 
the  field-repairable/expendable  main  rotor  blade  development  program 
performed  under  this  contract.  The  aim  of  the  contract  is  to  develop 
a  main  rotor  blade  concept  which  will  have  the  best  possible  cost- 
effectiveness  on  a  life-cycle  basis.  The  quantitative  measure  of  cost- 
effectiveness  is  determined  by  a  life-cycle  cost  analysis,  the  basic 
ingredients  of  which  are  the  initial  procurement  cost,  the  reliability 
in  terms  of  failure  frequency  and  severity,  and  the  maintainability  as 
measured  by  the  cost  and  elapsed  time  for  each  permissible  repair. 

The  initial  reliability  analysis  will  be  performed  on  each  of  several 
concepts  during  the  preliminary  design  studies  of  Phase  I,  will  be  modi¬ 
fied,  as  necessary,  for  the  selected  concept  during  the  detail  design 
in  Phase  II,  and  will  finally  be  refined  in  Phase  V  to  incorporate  any 
reliability  determinations  found  during  the  hardware  Phases  III  and  IV. 

The  field  experience  gained  with  the  UH-lH  rotor  blades  and  reported 
in  Reference  1  will  be  used  as  the  basis  for  a  failure  modes  and  effects 
analysis  which  will  then  be  modified  for  each  of  the  repairable/expendable 
concepts,  reflecting  differences  in  detail  design.  The  failure  modes  and 
effects  analysis  will  include  type  of  failure  (dent,  scratch,  puncture, 
delamination),  cause  (inherent,  impact,  ballistic),  location,  behavior, 
classification  as  to  hazard  level  (negligible,  marginal,  critical, 
catastrophic),  dependent  (secondary)  failures,  detectability,  and  probable 
disposition  (repair  on  aircraft,  repair  off  aircraft,  scrap). 
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Reference  1  will  be  used  as  the  basis  for  the  failure  analysis  of  the 
current  UH-1H  blade.  Various  samples  of  the  standard  blade  have  been 
collected  and  analyzed,  giving  the  best  available  values  for  mean-time- 
between-failure,  scrap  and  repair  rates,  proportions  attributable  to 
different  causes,  and  occurrence  of  different  types  of  failure.  Because 
different  types  of  data  have  been  presented  in  different  samples,  the 
overall  picture  of  actual  field  experience  will  be  a  composite  of  the 
most  applicable  analyses  and  tables  in  Reference  1. 

The  resulting  analysis  of  the  current  UH-1H  main  rotor  blade  relia¬ 
bility  will  be  theoretical  in  nature,  but  will  be  at  least  as  accurate 
as  any  statistical  analysis  based  on  comparatively  small  and  relatively 
diverse  samples  drawn  from  a  large  population.  The  use  of  this  analysis 
to  compare  the  field  repairable/ expendable  blade  concepts  with  each 
other  and  with  the  current  UH-1H  rotor  blade  is  perfectly  valid. 

All  available  sources  of  reliability  data  will  be  investigated  for 
suitable  information  about  blades,  components,  and  materials.  Among 
these  are  Volumes  I  and  II  of  Reference  11  and  various  other 
accumulations  of  historical  records. 
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PHASE  I  EFFORT 


During  the  preliminary  concept  design  studies  of  Phase  1,  detail 
features  of  the  field  repairable/expendable  blade  concepts  will  be 
compared  with  similar  features  of  the  UH-1H  blade  for  which  service 
experience  has  already  been  determined.  Wherever  possible,  those 
design  details  which  have  contributed  to  a  high  failure  rate  will 
be  avoided,  and  other  materials,  components,  or  assemblies  having 
improved  reliability  will  be  substituted.  For  example,  relatively 
thick  reinforced  plastic  materials  may  be  substituted  for  thin 
sheet  metal,  and  resilient  non-metallic  sheet  may  replace  the  vul¬ 
nerable  aluminum  foil  in  the  honeycomb  core.  In  areas  where  cor¬ 
rosion  or  erosion  has  been  a  problem,  other  materials  having  greater 
resistance  to  such  environmental  effects  will  be  substituted,  if 
available. 

Short  terra  effects  will  also  be  considered,  in  order  to  avoid 
critical  or  catastrophic  failures  to  the  greatest  extent  possible. 
Materials  having  low  crack  propagation  rates  will  be  investigated, 
and  fail-safe  alternate  load  paths  will  be  incorporated  wherever 
possible.  For  example,  in  choosing  between  aluminum  alloys,  cer¬ 
tain  alloys  such  as  6061  have  low  yield  strength  but  also  low  crack 
growth  rates  when  compared  to  higher  strength,  more  commonly  used 
structural  alloys  such  as  2024.  Although  a  reduction  in  the  number 
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of  bonded  joints  nay  produce  some  improvement  in  inherent  relia¬ 
bility/  bond  lines  can  be  effective  crack  inhibitors  and  may  pro¬ 
vide  several  parallel  load  paths  which  will  redistribute  the  load 
after  a  failure,  enhancing  fail-safety. 

Standard  Blade  Experience 

From  Table  E-I,  page  77  of  Reference  1  the  raean-time-between- 
removals  for  repair  or  scrap  is  established  as  914  hours.  Since 
no  retirements  for  time  change  are  included  in  this  sample,  and 
since  all  repairs  of  the  standard  blade  are  accomplished  off  the 
aircraft,  the  rate  of  removal  is  also  the  rate  of  failure.  Thus, 
mean-time-between-failures  for  the  current  UH-1H  main  rotor  blade 
will  be  taken  as  914  hours. 

From  Table  H-I,  page  112  of  Reference  1  it  is  seen  that  out  of 
331  blades  removed,  232  were  scrapped,  84  were  repaired,  and  the 
dispositions  of  15  were  determined  later,  outside  the  sample.  Thus, 
of  these  failures,  232/316  or  73.4%  were  scrapped,  while  26.6% 
were  repaired  and  readied  for  service.  These  proportions  are 
applicable  to  the  total  population. 

Thus,  the  rate  of  failure  is  1/914  or  1.094  x  10“^  failures  per 
hour,  and  the  rate  of  scrap  is  .734  x  1094  x  10“^  or  .803  x  10“^ 
scrapped  per  blade  hour.  It  can  be  assumed  that  the  rates 
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Of  failure  and  scrap  are  constant  throughout  the  service  life,  so 
that  for  a  given  initial  population,  the  number  of  blades  remain¬ 
ing  at  any  given  time  diminishes  exponentially  as  service  life 
progresses. 


t 

N  M 

t  N-e  Where  N  -  number  in  initial  population 

Nfc  ■  number  remaining  at  time  t 
MTBFS  *  mean-time-between-scrap  due  to 
failure 

Hence,  for  an  allowable  life  TR  ,  the  number  of  blades  of  the 
initial  population  retired  for  time-expiration  is  the  number  re 
maining  at  time  TR 

-JL 

wrsF« 

N.e 


At  time  TR  all  remaining  blades  are  removed  from  service  and 
the  area  under  the  curve  represents  the  total  time  on  all  N 
blades . 

Total  time  on  all  blades  thus  is 

R  _ ± _ 

e  MrBf»  dt 

-  ffi. 

*  N  .  MTBFS  (1  -  e  MT  ) 

Since  all  N  blades  have  been  replaced 

_  T> 

MTBRep  =  MTBFS  (1  -  e  ) 

where  MTBRep  *  mean-time-between-replacements 

For  MTBFS  -  1/.803  x  10“3  -  1245  hours 

and  Tr  ■  2500  hours 

MTBRep  =  1078  hours 

Rate  of  replacement  *  1/1078  ■  .928  x  10-3  per  hour 

Rate  of  retirement  =»  {.928  -  .803)xl0“3  *  .125  x  10-3  per  hour 

Rate  of  scrap  ■  .803  x  10-3  per  hour 

Rate  of  repair  ■  (1.094  -  .803)xl0-3  =*  .291  x  10-3  per  hour 

Rate  of  removal  (total)  -  1.219  x  10“?  per  hour 
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Mean-time-hetween-removals  for  failure  or  retirement 

=  1/1.219  x  10"3  »  820  hours 

Referring  to  Table  H-l  of  Reference  1,  the  ratios  of  scrap  to 
repair  are  61:34  for  inherent  damage  and  171:50  for  external 
causes.  The  sample  is  too  small  for  smaller  subdivision.  Table 
D-l ,  page  60  of  Reference  1,  gives  a  total  of  7,329  failure 
causes.  A  failure  modes  and  effects  analysis  will  be  genera¬ 
ted  for  the  current  UH-1H  blade  based  on  these  cause  occurr¬ 
ences,  with  the  inherent  to  external  ratio  adjusted  to  conform 
with  Table  H-l.  Dispositions  will  be  determined  so  as  to  con¬ 
form  wit':  Table  H-l  also. 

Using  these  criteria,  a  failure  modes  and  effects  analysis 
can  be  constructed.  The  rates  of  scrap,  field  repair,  and 
depot  repair  will  conform  with  Table  H-l  of  Reference  1.  The 
retirements  due  to  time-expiration  will  not  be  incorporated 
in  the  failure  analysis,  but  will  be  an  input  to  the  cost 
analysis.  Locations  of  failures  will  be  determined  by  the 
damage  scenario  specified  by  the  Government. 


147 


1 


Adaptation  to  New  Concepts 

For  each  of  the  design  concepts  considered  for  the  field  repairable/ 
expendable  main  rotor  blade,  the  failure  modes  and  effects  analysis, 
developed  to  represent  the  reliability  history  of  the  current  UH-1H 
blade,  will  be  examined  failure  by  failure  for  applicability  to  the 
new  concept.  Where  materials  are  substituted,  the  depths  of  damage 
specified  by  the  damage  scenario  will  be  adjusted  accordingly,  using 
factors  agreed  to  by  the  Government. 

The  survivability  of  each  blade  concept  will  be  determined  as  part 
of  the  failure  modes  and  effects  analysis.  Any  increase  in  the 
rate  of  critical  or  catastrophic  failures  will  be  cause  for  rejec¬ 
tion  or  modification  of  the  concept. 

The  ultimate  disposition  of  each  cause  or  type  of  failure  will  be 
determined  during  the  maintainability  analysis,  but  will  be  incor¬ 
porated  in  the  failure  analyses  for  completeness  and  to  facilitate 
use  in  the  life-cycle  cost  analyses. 

Comparison  between  materials  and  methods  of  fabrication  will  be 
made  using,  where  applicable,  accumulated  historical  reliability 
data  from  helicopters  having  main  rotor  blades  incorporating  most 
commonly  used  materials  and  structural  systems.  Available  data 
includes  U.S.  Marine  Corps  3-M  System  Data  for  UH-1E,  CH-46,  CH-53, 
AH-1G,  and  AH-1J  helicopters  for  the  two-year  period  endin'"  in 
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June  1971,  similar  data  for  the  Navy  TH~57A,  and  the  complete 
fleet  history  from  introduction  to  the  present  for  the  Navy 
UH-2  series.  Army  TAMMS  data  is  available  for  CH-47A,  CH-54A, 
and  OH-6  helicopter  types.  These  collections  of  reliability 
and  maintenance  data  include  failures  by  number  and  cause,  an 
analysis  of  repair  times  by  man-hours  and  down-time,  and  fre¬ 
quencies  of  aborted  missions. 
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PHASE  II  REFINEMENT 


When  Phase  I  has  been  completed  and  the  concept  for  further  develop¬ 
ment  selected,  the  failure  modes  and  effects  analysis  developed  for 

that  concept  will  be  subjected  to  failure-by-failure  scrutiny  dur- 
ing  the  detail  design  phase. 


As  Phase  II  proceeds,  it  is  expected  that  as  the  detail  drawings 
are  refined  for  manufacture,  the  failure  analysis  will  also  be 
refine  d  to  incorporate  changes  in  detail  design  and  to  reflect  more 
accurate  definition  of  detail  components.  This  process  will  con¬ 
tinue  until  the  final  drawings  are  completed  and  released  for  manu- 
facture. 


Because  the  final  design  will  differ  only  in  detail  from  the  selec 
ted  concept,  the  reliability  effort  during  Phase  II  will  not  be 
extensive,  and  will  consist  primarily  of  monitoring  minor  design 
changes  for  reliability  and  survivability  significance. 
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FINAL  RELIABILITY  ANALYSIS 


During  Phase  III,  certain  bench  and  whirl  tests  and  the  maintain¬ 
ability  demonstration  will  have  direct  bearing  on  the  reliability 
analysis.  Crack  growth  rates  will  be  determined  during  structural 
bench  tests,  while  the  survivability  of  the  blade  after  suffering 
damage  will  be  proven  during  the  whirl  tests.  It  is  probable  that 
the  results  of  these  tests  will  provide  reasons  for  modification 
of  the  assumptions  made  during  the  preliminary  failure  modes  and 
effects  analysis,  since  specific  values  for  crack  propagation 
rates  and  occurrence  of  secondary  failures  will  become  available. 
The  maintainability  demonstration  will  confirm  the  maintainability 
analysis  and  provide  final  determination  of  the  scrap  or  repair 
dispositions . 

Phase  IV,  the  flight  test  phase,  is  not  expected  to  affect  the 
reliability  analysis,  although  there  is  a  remote  possibility  that 
unexpected  secondary  failures  may  be  evidenced. 

At  the  conclusion  of  Phase  IV,  all  indications  of  incipient  or 
actual  failure  occurring  during  the  ground  or  flight  tests  will 
be  analyzed  and  their  effects  on  reliability  assessed.  These 
effects  will  be  incorporated  in  the  final  failure  modes  and 
effects  analysis  for  incorporation  in  the  final  report,  and 
will  form  the  reliability  input  to  the  life-cycle  cost  analysis 
of  the  developed  blade  design. 
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SCHEDULE  OF  TASKS 


The  reliability  program  is  broken  down  into  the  following  basic 
tasks: 

1.0  Phase  I. 

1.1  Failure  modes  analysis  of  standard  UH-1H  blade.  (Mode, 
cause,  hazard  level,  primary,  secondary,  and  total  failure 
rates,  inherent,  external,  and  combat  rates.)  The  damage 
scenario  shall  be  used  to  determine  location  and  severity 

foreign  object  and  ballistic  damage. 

1.2  Prediction  of  scrap  or  repair  disposition  to  conform  with 
UH-lH  history. 

1.3  Adaptation  of  the  failure  modes  and  effect  analysis  to 
each  repairable/expendable  concept. 

1.4  Incorporation  of  disposition  of  each  failure  as  determined 
by  maintainability  analysis. 

1.5  Incorporation  of  FMEA  in  Phase  I  Interim  Technical  Report. 

2.0  Phase  II. 

2.1  Refinement  of  failure  modes  and  effects  analysis  for 
selected  concept. 

2.2  Incorporation  of  FMEA  in  Phase  II  Interim  Technical  Report. 

3.0  Phase  III. 

3.1  Accumulation  of  reliability  data  from  bench  tests  of  as- 
manufactured  blades. 
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SCHEDULE  OF  TASKS  (continued) 

3.2  Accumulation  of  survivability  data  from  bench  tests  of 
damaged  blades. 

3.3  Accumulation  of  reliability  data  from  whirl  test  of  damaged 
blades . 

3.4  Confirmation  of  repairability  criteria  from  maintainability 
demonstration. 

4.0  Phase  IV. 

4.1  Investigation  of  any  reliability  questions  occurring  during 
flight  test. 

5.0  Phase  V. 

5.1  The  predicted  failure  modes  analysis  developed  in  Phase 
I  and  refined  in  Phase  II  for  the  selected  field  repair¬ 
able/expendable  blade  design,  shall  be  revised  to  incor¬ 
porate  all  reliability  data  iccumulated  during  Phases  III 
and  IV. 

5.2  The  finalized  failure  :.iodes  and  effects  analysis  shall  be 
incorporated  in  the  Final  Technical  Report. 

Figure  43  presents  the  schedule  to  which  these  tasks  will 
be  performed. 


APPENDIX  III 

MAINTAINABILITY  PROGRAM  PLAN 
INTRODUCTION 


This  plan  identifies  the  tasks  to  be  undertaken  in  the  main¬ 
tainability  program  for  the  Field  Repairable/Expendable  Main 
Rotor  Blade  being  developed  under  USAAMRDL  Contract  No. 
DAAJ02-73-C-0006 .  It  also  delineates  the  policies,  procedures 
and  schedule  for  accomplishing  these  tasks. 

The  objective  of  this  program  is  to  design  and  develop  a  heli¬ 
copter  main  rotor  blade  which  provides  the  best  overall  cost- 
effectiveness  on  a  life-cycle  basis.  The  quantitative  measure 
of  cost-effectiveness  is  to  be  determined  by  a  life-cycle  cost 
analysis  of  competing  blade  design  concepts.  Since  maintenance 
and  repair  represent  significant  elements  in  the  total  cost  of 
operation,  maintainability  becomes  an  important  factor  of 
design . 

The  development  program  will  be  carried  out  in  five  phases. 

The  first  of  these  will  evaluate  and  compare  several  competing 
blade  concepts.  In  the  second  phase  the  concept  selected  at 
the  conclusion  of  the  first  phase  will  be  designed  in  detail 
and  manufacturing  drawings  produced.  In  the  third  and  fourth 
phases  a  prototype  quantity  of  blades  will  be  fabricated  and 
tested  on  the  ground  and  in  flight,  demonstrating  survivability 
and  maintainability  as  well  as  technical  adequacy.  Finally, 
in  the  fifth  phase  a  final  analysis  and  report  will  be  pre¬ 
pared  covering  all  the  pertinent  data,  results,  and  conclusions 
generated  in  the  first  four  phases. 

Because  many  of  the  maintainability  activities  span  two  or  more 
program  phases,  this  plan  has  been  arranged  to  cover  each 
activity  only  once  and  to  relate  maintainability  activities 
to  the  appropriate  program  phases  in  a  Schedule  of  Tasks  at 
the  conclusion  of  the  plan.  The  organizational  and  functional 
relationships  of  maintainability  and  other  program  elements 
are  described  at  the  outset  of  the  plan.  The  basic  philosophy 
and  assumptions  governing  the  application  of  maintainability 
to  this  program  are  described  next,  followed  by  a  discussion 
of  statistical  techniques  and  trade-off  considerations.  The 
techniques  and  procedures  for  conducting  maintainability  allo¬ 
cations,  analysis  and  predictions  are  fully  described. 

The  approach  toward  development  of  repair  kits  and  equipment 
is  also  discussed.  A  preliminary  outline  of  the  maintain¬ 
ability  demonstration  plan  is  presented.  The  Schedule  of 
Tarxs  concludes  the  plan. 
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ORGANIZATIONAL  STRUCTURE 


The  contractor's  Maintainability  Engineering  is  under  the 
Customer  Service  Department.  Personnel  assigned  to  the  main¬ 
tainability  project  on  the  field  repairable/expendable  blade 
will  be  administratively  responsible  to  the  Supervisor  of 
Maintainability  and  will  functionally  work  closely  with  the 
principal  investigator  on  the  program.  The  success  of  an 
R  &  D  program  such  as  this  is  much  influenced  by  the  working 
relationship  and  flow  of  communication  between  members  of  the 
technical  team.  For  this  reason,  maintainability  will  be 
treated  as  an  integral  part  of  the  rotor  blade  concept  formu¬ 
lation,  design  and  test.  An  informal,  free  exchange  of  ideas 
between  design  engineering  and  maintainability  will  be  en¬ 
couraged.  Sufficient  controls  will  be  maintained,  however, 
to  insure  that  the  Army's  maintainability  goals  are  achieved. 
This  will  include  a  formal  sign-off  of  engineering  drawings 
by  Maintainability  prior  to  release  for  manufacturing.  All 
design  recommendations  and  trade-offs  affecting  maintain¬ 
ability  will  be  documented  and  retained  for  review  by  the 
Army.  Maintainability  will  participate  in  progress  meetings 
and  technical  briefings  for  the  Contracting  Officer. 

Maintainability  Interfaces 

Maintainability  interfaces  importantly  with  all  of  the  other 
engineering  activities  in  the  program  as  shown  in  Figure  44. 
Reliability  Engineering  supplies  failure  rate  data  and 
failure  modes  and  effects  analyses  as  input  information  to 
the  maintainability  analysis  and  prediction.  During  design 
reviews  and  trade-offs,  reliability  and  maintainability 
jointly  assess  the  impact  of  design  decisions  on  overall 
systems  effectiveness. 

Maintainability  input  to  the  Design  Engineering  group  in¬ 
cludes  qualitative  design  guidance  and  quantitative  maintain¬ 
ability  (repair  time)  allocations.  A  continuous  interchange 
of  information  is  maintained  between  Maintainability  and 
Design  Engineering  throughout  design  development.  System 
Test  interacts  with  maintainability  continually  throughout 
the  installation  and  test  phases  of  the  program,  expecially 
during  the  maintainability  demonstrations  and  test  period. 

Maintainability  also  coordinates  effectively  with  other  pro¬ 
gram  activities  such  as  Logistics  Support  and  Program  Manage¬ 
ment  as  shown  in  Figure  44. 
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Failure  Frequencies _  Project  Direction 
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Figure  44.  Maintainability  Information  Flow. 


PHILOSOPHY  AND  ASSUMPTIONS 


One  of  the  premises  which  must  be  recognized  in  the  design  of 
a  field  repairable/expendable  main  rotor  blade  is  that  repairs 
must  be  confined  largely  to  those  accomplished  on  the  installed 
blade.  Repairs  which  require  removal  of  the  rotor  blade  are 
to  be  avoided  since  the  repair  task  then  becomes  more  diffi¬ 
cult  than  replacing  and  scrapping  the  damaged  blade.  Despite 
policies  to  the  contrary,  experience  shows  that  maintenance 
personnel  will  terd  to  take  the  most  expedient  route  to  re¬ 
storing  aircraft  readiness,  particularly  under  the  stress  of 
field  operations.  This  being  the  case,  repair  of  the  rotor 
blade  will  be  undertaken  primarily  when  blade  replacement 
becomes  a  more  difficult  and  time-consuming  alternative. 

The  design  philosophy  adopted  in  this  program  should  seek  to 
make  the  repair-or-scrap  decision  obvious  to  the  mechanic. 

This  suggests  that  design  for  expandability  be  pursued  when 
the  alternative  is  an  involved  off-aircraft  repair.  Conversely, 
repairability  is  the  preferred  approach  when  the  repair  lends 
itself  to  a  relatively  simple,  quickly  performed  task  on  the 
installed  rotor.  Economic  considerations  may  not  permit  rigid 
adherence  to  this  philosophy  in  every  instance,  however.  The 
ultimate  aim  is  to  provide  the  best  overall  cost-effectiveness 
and  the  maintenance  policy  must  be  consistent  with  this  ob¬ 
jective  . 

The  maintenance  concept  specified  by  the  Army  for  the  field 
repairable/expendable  main  rotor  blade  allows  a  maximum 
corrective  maintenance  time,  Mn,ax,  at  the  95th  percentile  of 
3  hours.  This  is  to  include  the  tasks  of  locating,  isolating 
and  correcting  the  fault  (including  any  adhesive  cure  time) 
and  placing  the  aircraft  in  an  operational  status. 

In  the  UH-1  Rotor  Blade  Design  Cost  Comparisons  the  man-hours 
required  to  remove  and  install  the  UH-1  rotor  blade  is  given 
as  7.5  men-hours.  Assuming  an  average  of  two  men  for  this 
task,  the  elapsed  time  for  blade  removal  and  installation  is 
3.75  hours.  In  design  of  the  field  repairable/expendable  blade, 
the  repairability/expendability  ratio  will  be  dictated  by  the 
cost-effectiveness  characteristics  of  various  design  approaches, 
moving  in  the  direction  of  expendability  as  the  cost  of  scrap¬ 
ping  the  blade  becomes  less  than  that  of  repair. 

Obviously,  the  selected  concept  might  conceivably  be  a  com¬ 
pletely  expendable  rotor  blade,  one  whose  cost  of  fabrication 
was  so  low  that  scrapping  the  blade  would  be  economically 
justified  whenever  damage  exceeded  minor  surface  repair. 

With  an  expendable  rotor  blade,  the  maintenance  task  in  the 
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event  of  damage  or  failure  is  to  replace  the  blade.  But, 
this  task  alone  exceeds  the  95th  percentile  corrective  main¬ 
tenance  time  specified  by  the  Army. 

Since  it  is  not  within  the  scope  of  this  contract  to  improve 
the  design  of  the  blade  installation,  there  is  no  opportunity 
for  reducing  replacement  time  other  than  to  perhaps  facilitate 
the  balancing  and  tracking  tasks  to  some  degree.  It  might  be 
possible  to  recommend  improvements  in  the  maintenance  pro¬ 
cedures  associated  with  blade  replacement,  although  the  possi¬ 
bilities  here  are  very  remote  in  view  of  theArmy's  long 
experience  with  the  UH-1  aircraft.  It  is  reasonable  to  con¬ 
clude,  therefore,  that  the  time  required  to  remove  and  install 
the  rotor  blade  should  be  accounted  for  in  the  Mmax  analysis 
only  when  removal  is  required  to  effect  an  off-aircraft  repair. 
In  cases  where  the  blade  is  scrapped,  replacement  time  will  not 
be  applied  against  Mmax  (although  it  will  be  included  in  the 
cost  modeling) . 
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QUANTITATIVE  MAINTAINABILITY  ANALYSIS 
RATIONALE  FOR  THE  LOGNORMAL  DISTRIBUTION 

One  of  the  basic  requirements  in  developing  a  maintainability 
program  plan  for  the  field  repairable/expendable  main  rotor 
blade  was  to  decide  upon  the  methodology  for  conducting  the 
quantitative  analysis  of  maintainability.  Some  of  the  con¬ 
tractor’s  earlier  work  in  this  area  was  used  as  a  basis  for 
developing  the  quantitative  approach. 

In  1969,  the  contractor  participated  as  a  subcontractor  in 
design  of  airframe  components  for  the  Navy  F-14A  aircraft. 

One  requirement  of  the  contract  was  to  conduct  a  maintain¬ 
ability  analysis  and  prediction  for  the  component  subsystems. 

A  review  of  existing  maintainability  prediction  techniques, 
principally  those  contained  in  MIL-HDBK-472 ,  showed  none  to 
be  entirely  suited  to  applications  involving  mechanical  systems 
Most  of  these  procedures  employed  analytic  methods  which  were 
basically  electronics  oriented  or  which  utilized  equations 
developed  through  studies  of  electronics  systems.  The  stan¬ 
dard  prediction  techniques  suffered  other  deficiencies  as 
well  in  that  they  frequently  failed  to  encompass  one  or  more 
of  the  maintainability  parameters  called  for  by  the  specifica¬ 
tions  . 

Accordingly,  it  was  decided  to  undertake  development  of  a  new 
maintainability  prediction  technique  for  the  F-14A  program. 
Several  basic  objectives  were  sought  in  development  of  the 
technique : 

1.  To  make  the  technique  applicable  to  mechanical  systems 
and  components,  particularly  the  structural  type  of 
components  which  would  comprise  the  majority  of  the 
contractor's  work  on  the  F-14A. 

2.  To  make  the  technique  compatible  with  the  maintain¬ 
ability  analysis  requirements  of  the  specifications. 

3.  To  utilize  as  much  of  existing  maintainability  pre¬ 
diction  techniques  as  possible  so  to  build  on  that 
which  had  already  proven  successful. 

The  initial  step  in  developing  the  prediction  technique  was  to 
study  the  repair  time  distributions  of  typical  aircraft  systems 
The  data  base  for  this  analysis  was  the  actual  maintenance 
records  supplied  by  the  Navy  on  two  models  of  the  H-2  heli¬ 
copter  for  a  six-month  period  ending  December  1968. 
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Approximately  33,000  maintenance  records  were  analyzed,  re¬ 
presenting  nearly  16,000  flight-hours  of  aircraft  utilization. 
Tables  XIX  and  XX  show  the  aircraft  systems  covered  by  the 
analysis  and  the  number  of  individual  repair  time  records 
included  in  each  sample. 

Many  studies  had  been  conducted  by  both  the  industry  and  the 
military  to  measure  the  probab  lity  distribution  associated 
with  maintenance  time.  The  general  corsensus  was  that  time- 
to-repair  of  military  systems  was  found  most  often  to  conform 
to  the  lognormal  distribution.  This  conclusion  was  confirmed 
by  the  analysis  of  H-2  helicopter  maintenance  histories. 

A  computer  program  was  written  to  fit  by  the  method  of  least- 
squares,  a  lognormal  probability  distribution  to  a  sample  of 
elapsed  repair  times.  All  52  systems  listed  in  Tables  XIX 
and  XX  were  processed  by  the  program.  It  was  found,  without 
exception,  that  the  lognormal  yielded  a  good  fit  to  the  sam¬ 
ple  data  on  each  system.  Figures  45  and  46  are  plots  of  the 
analysis  on  two  systems  of  the  tw.in-engine  UH-2C  helicopter, 
the  air-frame  and  rotors  respectively.  Shown  in  each  figure 
are  the  frequency  distribution  of  the  reported  repair  times 
together  with  the  cumulative  lognormal  function  fitted  by 
least-squares.  The  fit  of  the  smooth  curve  to  the  reported 
data  is  observed  to  be  good  in  both  cases.  Similar  results 
were  obtained  with  the  other  systems  analyzed  including 
engines,  hydraulics,  electrical  and  avionics,  substantiating 
the  hypothesis  that  the  population  of  repair  times  were,  in 
fact,  well  described  by  the  lognormal  distribution. 

The  observation  that  repair  times  were  lognormally  distri¬ 
buted  for  the  entire  spectrum  of  systems  covered  by  the 
analysis  was  an  important  conclusion  for  the  work  which  was 
to  follow.  It  suggested  that  repair  time  was  not  a  function 
of  hardware  characterics  alone  but  was  very  much  influenced 
by  use  and  environmental  factors  shared  by  all  systems. 

The  conclusions  of  the  H-2  helicopter  repair  time  analysis 
were  considered  directly  applicable  to  the  field  repairable/ 
expendable  rotor  blade  program.  They  indicated  that  it  was 
reasonable  to  base  the  quantitative  maintainability  analysis 
on  the  assumption  that  the  population  of  repair  tasks  for 
the  rotor  blade  (treated  as  a  system)  would  be  lognormally 
distributed. 
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TABLE  XIX.  MAINTAINABILITY  ANALYSIS  DATA  BASE,  UH-2A/2B  HELICOPTER 
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TABLE  XIX  ~  Continued 


TABLE  XX.  MAINTAINABILITY  ANALYSIS  DATA  BASE,  UH-2C  HELICOPTER 


TABLE  XX  -  Continued 


Repair  Time,  t  (hours) 


. . 


Figure  45.  Observed  Repair  Time  Distribution  for 
the  UH-2C  Airframe  System  and  Fitted 
Lognormal  Distribution. 
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Repair  Time,  t  (hours) 


MAINTAINABILITY  INDICES 


The  maintainability  indices  to  be  specified  and  controlled  in 
design  of  the  field  repairable/expendable  rotor  blade  involve 
both  the  frequency  and  time  required  for  maintenance. 

Frequency  Indices 

Mean-Time- Be tween-Ma in tenance-Preventive  (MTBMp) 

Preventive  maintenance  is  defined  as  any  maintenance, 
excluding  inspection,  performed  on  an  established  periodic 
schedule  required  to  maintain  the  rotor  blade  in  a  safe 
operating  condition.  This  would  include  such  functions  as 
scheduled  lubrication,  routine  tracking  or  balancing  and 
replacement  for  expiration  of  fatigue  life.  MTBMp  is  the 
average  flight-hour  interval  between  preventive  maintenance 
actions  on  the  rotor  blade. 


MTBM 


Np 

=  l/l  f 
i=l 


Pi 


(1) 


where  fpi  =  the  frequency  of  the  ith  preventive  mainte¬ 
nance  task  in  actions  per  flight-hour. 


Np  =  the  number  of  distinct  preventive  maintenance 
actions. 


Mean-Time- Be  tween-Maintenance-Corrective  (MTBMC) 

Corrective  maintenance  is  defined  as  any  action  required  to 
restore  the  aircraft  to  operating  condition  after  the 
occurrence  of  damage  or  failure  to  the  rotor  blade.  This 
includes  unscheduled  adjustments,  alignment  or  tracking  and 
repair  or  replacement  (for  repair)  of  the  rotor  blade.  The 
mean-time-between-maintenance  corrective  is  a  function  of 
the  mean-time-between-f ailure  (MTBF)  for  inherent  and 
external  causes.  The  MTBMC  is  equivalent  to  the  MTBF  when 
each  failure  is  corrected  independently,  i.e.,  there  is  no 
simultaneous  correction  of  multiple  failures  in  a  single 
action . 
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MTBF 


(2) 


MTBMC  = 


1/Z  fc.  = 
i=l 


where  fc.  =  the  frequency  of  the  ith  failure  (or 

1  carnage)  mode  in  events  per  flight-hour. 

Nc  =  the  number  of  distinct  corrective  mainte¬ 
nance  actions. 


Mean-Time- Between-Ma in tenance  (MTBM) 

The  mean-time-between-maintenance  is  the  average  flight- 
hour  interval  between  preventive  and  corrective  maintenance 
actions  on  the  rotor  blade: 


MTBM  =  1/  (  (1/MTBMp)  +  (1/MTBMC ) ]  (3) 

Mean-Time-Between-Removal  (MTBR) 

The  mean-time-between-removal  is  the  average  flight-hour 
interval  between  removal  of  the  rotor  blade  for  the  following 
purposes : 

•  Inspection 

•  Scheduled  Retirement 

•  Unscheduled  Repair 

.  Material  (Inherent)  Failure 
.  External  Failure  (Non-Combat) 

.  External  Failure  (Combat) 

•  Scrap 

Material  (Inherent)  Failure 
.  External  Failure  (Non-Combat) 

.  External  Failure  (Combat 


Repair  Time  Indices 

Quantification  of  maintainability  attempts  to  describe  attrib¬ 
utes  of  design  which  contribute  to  the  ease  or  difficulty  with 
which  maintenance  is  performed.  The  common  approach  to  doing 
this  is  to  measure  the  time  elements  involved  in  the  execution 
of  maintenance  and  from  these  measurements  to  develop  some 
general  conclusions  with  regard  to  maintainability  character¬ 
istics.  Typical  measures  of  maintenance  time  include  man¬ 
hours  per  flight-hour,  mean  repair  time,  maximum  repair  time 
and  average  availability.  Each  of  these  statistics  requires 
a  knowledge  of  the  population  or  distribution  of  repair  times 
exhibited  by  the  particular  system  or  equipment.  For  the 
repairable/expendable  rotor  blade,  it  will  be  assumed,  based 
on  the  rationale  offered  earlier,  that  repair  times  are  log- 
normally  distributed. 

By  definition,  the  density  function  for  x,  (x  =  log10  t) 
normally  distributed  with  mean,  x,  and  standard  deviation, a* 
is : 


f  (x,x,ox) 


_1 _ 

ATI 


)exp  [- 


(x  -  x)2 

5 

2  ox 


]  dx 


(4) 


where 

x  =  logiot 

t  =  elapsed  task  time 

x  =  mean  value  of  x 

ax  =  standard  deviation  of  x 


The  mean  value  of  x  is  the  arithmetic  average  of  the 
logarithms  of  t: 

N 

x  =  Z  (log  10  ti)/  n  (5) 

i=l 


where  N  =  the  number  of  maintenance  actions. 
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■iv<  fn 


The  variance  of  x  is  expressed  as: 


N  _ 

2  1  (xi  -  x)2 

Var  x  =  ox  =  _  (6) 

N 


The  standard  deviation  of  x  is  simply  the  square  root  of 
the  variance  of  x. 

Ox  = 

0  x 

The  mean  value  of  t  is  the  arithmetic  average  of  the 
repair  times: 

N 

. f  (7) 

MTTR  =  1~1 _ 

N 


The  maximum  repair  time,  Mmax,  is  defined  as  the  95th 
percentile  repair  time. 


MMax  =  log  -1  (x  +  1.64  5  cfx) 
i  o 


(8) 


where  1.645  is  the  z  value  corresponding  to  the  95th 
percentile  of  the  cumulative  distribution. 


Mean  Preventive  Maintenance  Downtime  (Mpt-) 

The  mean  preventive  maintenance  downtime  is  the  average 
calendar  time  the  system  is  down  for  preventive  mainte¬ 
nance  on  the  rotor  blade.  It  includes  only  productive 
maintenance  time. 
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(9) 


NP 


)/N 


where  tp .  =  elapsed  time  required  to  perform  the  ifch 

1  preventive  maintenance  task. 


Mean  Active  Corrective  and  Preventive  Action  Time  (M) 


The  mean  active  corrective  and  preventive  maintenance  time 
is  the  average  calendar  time  the  system  is  down  for  both 
types  of  maintenance.  It  includes  only  productive  mainte¬ 
nance  time. 


M  =  MTTR  (fc)  +  Mpt(fp) 
f  c  +  p 


(10) 


where  fc  and  fp  are  the  number  of  corrective  and 

preventive  maintenance  tasks  in  the  same  flight- 
hour  period. 


Maintenance  Man-Hours  Per  Flight-Hour  (MMH/FH) 

The  maintenance  man-hours  per  flight-hour  is  defined  as: 


Nc  Np 

MMH/FH  =  l  MMHC.  (f ci )  +  E  MMHn •  (fD->  (11) 

i=l  1  i=l 


where  MMHCi  =  man-hours  required  to  perform  the  ifch 

corrective  maintenance  task. 

MMHp^  =  man-hours  required  to  perform  the  ith 
preventive  maintenance  task. 
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Analysis  of  Variance 


The  basic  quantity  in  maintainability  prediction  is  the  task 
time  estimate.  In  keeping  with  the  philosophy  of  existing 
maintainability  prediction  methods,  a  basic  assumption  is  that 
a  qualified  and  experienced  analyst  is  able  to  reliably  esti¬ 
mate  the  time  required  to  complete  simple  tasks.  The  accuracy 
of  such  estimates  will  increase  with  the  analyst's  knowledge 
of  the  system,  its  intended  environment  and  use. 

During  the  early  design  stages,  maintenance  requirements  are 
tentatively  identified  and  gross  task  time  estimates  are  made 
to  arrive  at  a  "ballpark"  maintainability  prediction.  As  the 
design  solidifies,  more  accurate  estimates  are  possible  and 
the  prediction  is  refined.  This  iterative  process  is  continued 
until  the  design  is  finalized  and  an  in-depth  analysis  of  main¬ 
tenance  tasks  is  made  to  yield  the  final  maintainability  pre¬ 
diction.  At  each  stage  of  the  evolution,  predictions  are 
compared  to  allocated  values  to  determine  whether  the  design 

is  meeting  established  goals  and  to  reallocate  values  where 
necessary. 

While  an  experienced  analyst  is  able  to  estimate  quite  accur¬ 
ately  the  average  time  to  perform  a  maintenance  task,  he  is 
likely  unable  to  estimate  the  amount  of  variance  that  might  be 
expected  in  performance  of  that  task.  In  order  to  do  this  he 
would  need  to  envision  the  most  optimistic  and  the  most  pess¬ 
imistic  circumstances  under  which  the  task  might  be  performed 
and  from  this  to  reach  some  conclusion  in  reoard  to  the  aver¬ 
age  deviation  from  the  mean  performance  time  that  could  be 
anticipated.  Clearly,  any  such  judgments  would  be  largely 
subjective  and  lacking  validity. 

Maintainability  predictions  based  on  the  lognormal  distribution 
using  MIL-HDRK-472,  Procedure  II,  utilize  a  fixed  standard 
deviation,  logi o  of  0.55  derived  from  analyses  of  maintenance 
tasks  on  shipboard  and  shorebased  electronic  equipment.  The 
studies  of  helicopter  maintenance  activity  conducted 
on  the  F-14A  program  indicate,  however,  that  the  variance  is 
not  constant  but  varies  with  changes  in  the  mean  repair  time. 

Figure  47  is  a  scatter  plot  of  the  variance,  Var  x,  versus  the 
mean  of  the  logarithms,  x,  from  the  52  data  points  in  Tables 
I  and  II.  Figure  48  is  a  scatter  plot  of  the  variance,  Var  x, 
versus  the  log  of  the  mean-time-to-repair ,  log10MTTR,  for  the 
same  sample  of  data.  A  computer  time-share  program  was  used 
to  test  the  gr odness-of-f it  of  the  data  points  to  standard 
btatistical  distributions  using  the  method  of  least-squares 
and,  from  this,  to  derive  regression  equations  for  Var  x.  The 
curve  yielding  the  best  fit  in  each  case  is  shown  in  the  two 
figures. 


173 


The  two  sets  of  sample  points  both  correlated  best  to  an  ex¬ 
ponential  function.  Much  better  correlation  was  obtained  from 
the  regression  of  Var  x  on  log  MTTR,  however.  It  is  intu¬ 
itively  reasonable  that  the  variance  of  the  lognormal  distri¬ 
bution  be  related  more  to  the  mean  repair  time  rather  than  the 
median  or  mean  of  the  logarithms,  since  the  mean  repair  time 
accounts  for  extreme  values  while  the  median  does  not.  More¬ 
over,  the  mean  repair  time  should  be  indicative  of  the  rela¬ 
tive  complexity  of  the  task  and  the  variability  in  task  per¬ 
formance  should  be  related  to  its  complexity.  The  regression 
equation  developed  from  this  analysis  is: 

a*  =  .06917  exp  (2.5  logt  MTTR)  (12) 


Using  this  expression,  the  analyst  is  able  to  predict  the  re¬ 
pair  time  variance  as  a  function  of  the  estimated  mean  repair 
time  and,  from  this,  to  obtain  an  extimate  for  MInax. 

Some  limitations  to  the  foregoing  analysis  should  be  mentioned. 
First,  the  sample  data  covers  basically  26  subsystems  of  two 
similar  models  of  the  H-2  helicopter.  Although  the  data  re¬ 
presents  a  broad  range  of  aircraft  hardware  and  is  believed  to 
be  typical  of  military  aircraft  maintenance  experience  in  terms 
of  employment  and  environment,  a  larger  or  substantially 
different  sample  may  have  produced  other  results. 

Secondly,  the  data  sample  included  a  relatively  narrow  range 
of  subsystem  repair  time  mean  values  (approximately  0.9  hours 
to  3.0  hours) .  The  regression  equation  for  the  variance  is 
believed  to  be  valid  for  this  range  of  values,  but  its  appli¬ 
cation  to  values  much  outside  this  range,  especially  larger 
ones,  cannot  be  substantiated.  It  is  recognized,  moreover, 
that  a  definite  distortion  occurs  in  the  larger  range  as  a 
result  of  using  an  exponential  regression  equation.  Increases 
in  logi  oMTTR  generate  rapidly  larger  increases  in  Var  x  which 
ultimately  begins  to  warp  the  distribution  (x  reaches  a  maximum 
value  and  then  becomes  smaller  with  increasing  values  of  MTTR) . 
A  linear  regression  of  Var  x  on  logj 0MTTR  was  observed  to  pro¬ 
duce  seemingly  better  results  for  large  values  of  MTTR.  There 
was  no  available  data  with  whicn  to  explore  this,  however. 
Because  the  regression  equation  for  Var  x  was  developed  with  a 
limited  data  sample,  it  is  considered  valid  only  for  MTTR  in 
the  range  of  zero  to  approximately  five  hours. 

The  final  limitation  concerns  the  point  of  application  for 
predicting  Var  x  in  an  analysis  of  maintainability.  The  study 
upon  which  the  prediction  method  was  developed,  dealt  only 
with  populations  of  repair  tasks  on  entire  systems.  No 
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analysis  was  made  of  the  distributions  associated  with  indivi¬ 
dual  repair  tasks.  While  the  study  results  tend  to  support 
the  assumption  of  a  lognormal  distribution  for  the  population 
of  repair  tasks  on  any  aircraft  system  of  moderate  to  large 
complexity,  the  assumption  of  the  lognormal  may  not  be  valid 
for  individual  repairs.  Thus,  the  estimate  of  Var  x  (and 
therefore)  should  be  made  at  the  system  level  based  on  the 
aggregate  of  all  repair  tasks  being  considered. 

The  significance  of  the  variance  in  the  maintainability 
analysis  of  the  repairable/expendable  rotor  blade  is  illustrated 
in  Figure  49.  The  cumulative  distribution  function  is  plotted 
for  an  Mmax  of  3.0  hours  (95th  percentile)  at  two  different 
values  of  ax  .  One  curve  is  based  on  a  ox  of  .55  as  prescribed 
by  MIL-HDBK-472,  Procedure  II.  The  second  curve  is  based  on 
a  ox  of  .296  as  derived  from  the  Kaman  regression  equation 
for  the  variance.  As  shown,  the  median,  tg,  and  mean  repair 
time,  MTTR,  are  much  smaller  for  the  distribution  with  the 
larger  variance.  If  MIL-HDBK-472 ,  Procedure  II,  variance  is 
used  as  the  criterion  for  allocating  maintainability  parameters, 
therefore,  the  average  repair  task  must  not  exceed  0.82  hours 
MTTR.  If,  on  the  other  hand,  the  smaller  estimate  of  the 
variance  is  more  realistic,  an  MTTR  of  approximately  1.25 
hours  can  be  tolerated. 

The  basic  approach  to  maintainability  prediction  prescribed 
by  MIL-HDBK-472,  Procedure  II,  will  be  followed  in  the  field 
repairable/expendable  main  rotor  blade  analysis  except  that 
the  variance  will  be  predicted  as  a  function  of  the  estimated 
MTTR  using  the  regression  equation  of  (12)  . 
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Repair  Tire,  t  (hours) 


MAINTAINABILITY  TRADE-OFFS 


The  Army's  quantitative  maintainability  requirement  for  the 
field  repairablc/expendable  rotor  blade  is  specified  only  in 
terms  of  Mmax ,  the  95th  percentile  corrective  maintenance 
time.  Confining  the  quantitative  expression  of  maintain¬ 
ability  to  the  parameter  Mmax  provides  much  needed  flexibility 
in  design  of  the  rotor  blade  and  associated  repair  techniques. 
Mmax  can  be  controlled  both  in  terms  of  the  average  task 
duration  and  the  variability  in  task  performance.  A  larger 
mean  task  time  can  be  tolerated  if  the  variance  in  task  per¬ 
formance  can  be  kept  small.  With  a  fixed  Mmax >  the  expected 
variance  will  define  the  mean-time-to-repair ,  MTTR. 

Figure  50  shows  the  area  of  tradeoff  between  MTTR  and  the 
variance  for  a  lognormal  repair  time  distribution  at  Mmax 
values  ( 95 1^  percentile)  of  3  hours,  2  hours  and  1  hour.  MTTR 
is  shown  pi  *  ted  against  the  standard  deviation  of  the  log¬ 
arithms  (ba. 10)  of  repair  time,ox_.  Also  shown  is  a  plot 
of  the  goemetric  mean  repair  time,  tq  versus  Ox.  The  plot 
of  tCT  is  defined  by  the  equation: 


tg  =  log  j0  log, o  Mjnax- 1.  645  ox)  (13) 


and  the  plot  of  MTTR  by  the  equation  : 


_  i 

MTTR  -  log  ,  o  (log  I0  M^  +  1.15  ox  -  1.645  ox)  (14) 


The  area  under  tne  MTTR  curves  is  the  mean/variance  tradeoff 
area.  The  shaded  area  represents  the  values  considered  to  be 
within  the  realistic  range  of  alternatives.  Also  shown  is  a 
plot  of  the  regression  equation  used  to  predict  the  variance 
in  repair  time  as  a  function  of  the  MTTR  (see  section  on 
Analysis  of  Variance) .  The  portion  of  this  curve  which  inter¬ 
sects  the  potential  tradeoff  area  shows  the  region  of  the  most 
likely  mean/variance  combinations  based  on  past  history. 
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As  shown,  the  designer  does  have  considerable  latitude.  He 
can  design  for  more  time-consuming  repairs  provided  the  repair 
techniques  are  such  that  they  can  be  repeated  with  little 
variance  from  one  occurrence  to  the  next.  Or,  he  must  strive 
for  a  lower  average  repair  time  if  the  tasks  are  of  a  nature 
that  produce  wide  fluctuations  in  performance  time.  It  will 
be  the  function  of  the  Maintainability  Engineering  group  to 
work  with  the  designer  to  achieve  the  best  overall  design 
within  these  constraints. 


Rel i ability/Repal r  Time  Trade-off 

The  95th  percentile  repair  time,  I^nax  the  only  quantitative 
expression  of  maintainability  specified  by  the  Army  for  the 
repairable/expendable  blade.  In  terms  of  achieving  this  one 
goal,  only  two  factors  assume  importance:  the  mix  of  repair 
tasks  and  their  relative  frequency.  The  absolute  frequency 
of  repair  is  not  really  pertinent  since  it  is  possible  to 
obtain  the  same  repair  time  distribution  at  entirely  different 
levels  of  overall  blade  reliability.  The  reliability  character¬ 
istics  of  the  blade  become  important  only  insofar  as  they  affect 
the  distribution  of  tasks,  i.e.,  make  certain  tasks  occur  more 
or  less  frequently  in  relation  to  the  overall  population  of 
repair  tasks.  A  reliability/repair  time  trade-off  will  be 
employed  when  the  blade  design  characteristics  are  such  that 
an  involved  repair  task  occurs  too  frequently.  The  decision 
here  would  be  to  increase  the  reliability  (or  reduce  the 
vulnerability)  of  the  blade  in  that  area  so  as  to  reduce  the 
frequency  of  this  task  or  to  design  to  make  the  task  easier  to 
perform.  Overall  reliability/maintainability  relationships  are 
of  major  importance,  moreover,  in  the  analysis  of  blade  life- 
cycle  costs. 
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Figure  51.  Maintainability  Allocation  Data  Format 


or  failure  will  be  apportioned  to  components  of  the  blade 
based  on  the  damage  scenario  and  a  preliminary  engineering 
estimate  of  inherent  failure  rates.  The  nature  of  the  anti¬ 
cipated  damage  or  failure  will  be  tentatively  identified  on  the 
basis  of  the  cause  and  the  assumed  blade  construction  in  the 
affected  area.  These  preliminary  determinations  will  be 
subject  to  repeated  modifications  as  the  specific  design 
characteristics  of  the  blade  evolve. 

The  estimated  frequency  of  failure  damage  provides  the  basis 
for  allocating  repair  time  to  discrete  elements  of  the  blade 
(spar,  grip  doublers,  skin,  core,  etc.).  An  initial  decision 
will  be  made  in  the  case  of  each  failure  or  damage  incident 
to  either  scrap  the  blade  or  to  provide  for  repair  on  or  off 
the  aircraft.  In  some  cases,  such  as  massive  damage  to  the 
spar,  the  decision  to  scrap  will  be  obvious.  In  others,  an 
engineering  analysis  will  be  needed  to  assess  the  reliability, 
safety  and  economic  implications  of  the  contemplated  repair. 

Such  analysis  will  rely  primarily  on  intuitive  judgments  in 
the  early  stages  of  the  apportionment  and  gradually  be  refined 
as  the  design  progresses. 

For  each  damage  or  failure  event  scheduled  for  repair,  a  brief 
statement  of  the  repair  task  is  entered  in  the  repair  time 
allocation  sheet.  The  appropriate  maintenance  level  is  assigned 
and  a  decision  is  made  to  effect  the  repair  on  the  aircraft  or 
to  remove  the  blade  for  repair. 

The  next  step  in  the  allocation  process  is  to  assign  a  repair 
time  goal  to  each  repair  task.  When  an  off-aircraft  repair 
has  been  established,  the  standard  blade  removal  and  installa¬ 
tion  time  of  3.75  hours  is  assigned.  The  time  to  effect  the 
repair  is  next  allocated  and,  where  an  off-aircraft  repair  is 
being  made,  added  to  the  blade  replacement  time  to  obtain  the 
total  task  time  allocation. 

The  repair  time  allocation  reflects  the  initial  engineering 
estimate  of  the  elapsed  time  required  for  the  typical  Army 
mechanic  to  perform  specified  types  of  repairs  on  the  blade. 

I;  encompasses  the  time  required  to  isolate  and  correct  the 
fault,  including  any  adhesive  cure  time,  and  placing  the  air¬ 
craft  in  an  operational  readiness  status.  It  attempts  to 
reflect  expected  performance  under  field  maintenance  conditions 
and  the  resources  available  to  the  field  mechanic.  It  is  an 
estimate  of  productive  maintenance  time,  however,  and  does  not 
account  for  supply  delays,  administrative  time,  etc. 

As  mentioned  earlier,  the  initial  maintainability  allocation 
will  rely  primarily  on  engineering  judgment  supported  where 
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possible  by  historical  precedent.  The  historical  data  base 
available  for  this  task  is  described  elsewhere  in  this  plan. 

After  repair  times  have  been  allocated  to  each  repair  task,  the 
mean-  time-to-repair  for  the  entire  blade  is  calculated  using 
the  frequency  of  occurrence  as  the  weighting  factor.  The 
95th  percentile  repair  time  (f%ax)  for  the  overall  blade  is 
calculated  next  using  the  regression  equation  defined  earlier. 
If  the  value  of  exceeds  the  3.0  hours  specified,  the 

repair  time  goals  must  be  tightened.  The  analyst  will  review 
the  distribution  of  repair  tasks  and  allocated  goals  and  re¬ 
duce  repair  times  on  those  tasks  for  which  a  more  stringent 
specification  can  most  easily  be  attained.  After  these  adjust¬ 
ments  have  been  completed,  Mmax  for  the  overall  blade  is  again 
calculated  and  compared  with  the  3.0  hour  specification.  If 
necessary,  another  iteration  will  be  made  to  bring  the  alloca¬ 
tions  within  specification.  It  may  be  that  no  combination  of 
feasible  repair  time  goals  will  satisfy  the  requirement.  This 
indicates  that  the  basic  design  concept  may  require  modifi¬ 
cation  and  a  resolution  of  problem  areas  must  be  pursued  with 
the  designer. 

The  next  step  in  the  allocation  procedure  is  a  definition  of 
the  support  equipment  and  repair  materials  which  the  maintain¬ 
ability  engineer  specifies  for  the  task.  A  certain  bond 
restoration  task  may,  for  example,  be  limited  to  a  cold  patch 
using  a  simple  pressure  pad  secured  to  the  blade  with  bungee 
cord.  These  specifications  will  of  course  require  considerable 
interchange  and  trade-off  between  the  designer  and  the  main¬ 
tainability  engineer. 

When  completed,  the  maintainability  allocation  becomes  a  de¬ 
sign  specification  against  which  progress  is  measured.  Devi¬ 
ations  from  the  allocated  repair  time  goals  and  resources  will 
be  resolved  on  an  individual  basis  as  they  occur.  This  will 
insure  that  the  design  does  not  reach  an  unacceptable  main¬ 
tainability  characteristic  too  late  to  easily  effect  remedies. 

Application  of  Historical  Data 

There  are  several  sources  of  historical  data  on  helicopter 
rotor  blades  which  can  be  drawn  upon  for  this  program.  Data 
of  this  type  will  be  particularly  important  during  the  main¬ 
tainability  allocation  task  when  engineering  judgment  and 
historical  precedent  form  the  basis  for  developing  design 
goals . 
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ANALYSIS  AND  PREDICTION 


Analysis  and  prediction  of  maintainability  will  be  a  contin¬ 
uation  of  the  allocation  process.  The  maintainability  alloca¬ 
tion  described  earlier  becomes  integrated  into  the  design  for 
the  rotor  blade  early  in  Phase  I  and  comprises  the  baseline 
for  maintainability  predictions.  Maintainability  analysis  and 
prediction  is  an  iterative  process  of  upgrading  and  refining 
the  original  allocation  as  new  design  information  becomes 
available  in  the  later  stages  of  Phase  I. 


A  maintainability  prediction  will  be  performed  for  each  of  the 
candidate  rotor  blade  design  concepts.  The  prediction  will  be 
carried  out  using  MIL-HDBK-472  ,  Procedure  II,  Parts  A  and  B, 
modified  by  the  treatment  of  repair  time  variance  discussed 
under  Maintainability  Indices.  The  contractor  has  developed 
a  computer  program  for  conducting  the  maintainability  predic¬ 
tions  as  part  of  the  life-cycle  cost  analysis.  Using  individual 
task  times  and  frequencies  as  the  basic  input  and  the  techni¬ 
ques  discussed  earlier  for  predicting  the  repair  time  distri¬ 
bution,  the  computer  program  calculates  the  following  main¬ 
tainability  indices  by  component,  subsystem  and  level  of 
maintenance : 


Mean-Time-To-Repair  (MTTR) 


»  Mean  Preventive  Action  Time  (M  )  . 


•  Mean  Active  Corrective  and  Preventive  Action 
Time  (M)  . 


•  Maintenance  Man-Hours  Per  Flight-Hour  (MMH/FH) . 

•  Maximum  Corrective  Maintenance  Time  (M  )  - 
(subsystem  level  only) . 

Use  cf  this  program  facilitates  the  maintainability  prediction 
task  and  permits  the  impace  of  changes  in  maiitenance  functions, 
failure  rates,  task  time,  etc.  to  be  analyzed  easily. 

The  maintainability  predictions  will  parallel  the  allocation 
techniques  described  earlier  and  will  use  the  same  format 
(Figure  51)  for  documenting  the  results.  Reference  to  the 
Failure  Modes  and  Effects  Analysis  (FMEA)  will  be  introduced 
at  this  point  to  relate  repair  tasks  to  the  specific  failure 
modes  and  causes  for  repair.  Maintenance  frequency  and  re¬ 
pair  time  estimates  initially  established  for  each  concept 
during  the  maintainability  allocation  will  be  updated  on  the 
basis  of  the  FMEA  output  and  a  maintenance  task  analysis  of 
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eacn  design  concept.  The  prediction  of  repair  time  variance 
will  use  the  regression  equation  described  earlier  except  in 
cases  where  the  analyst  concludes  that  a  smaller  or  larger 
value  for  the  variance  can  be  predicted  for  certain  tasks. 

An  analysis  and  prediction  of  preventive  maintenance  require¬ 
ments  will  also  be  performed  in  Phase  I  to  establish  the 
frequency  and  time  requirements  for  scheduled  maintenance  tasks. 
This,  together  with  the  maintainability  prediction  for  cor¬ 
rective  maintenance  tasks,  will  be  used  to  calculate  specified 
maintainability  indices  for  the  blade  concept.  The  results  of 
the  maintainability  allocations,  analysis  and  predictions  will 
be  documented  in  the  Phase  I  Report. 
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MAINTENANCE  REQUIREMENTS  ANALYSIS 


An  analysis  of  maintenance  requirements  will  be  carried  out  as 
part  of  the  Phase  II  Detail  Design.  This  analysis  will  entail 
a  definition  of  the  basic  maintenance  functions  and  support 
requirements  for  the  rotor  blade.  It  will  also  include 
development  of  criteria  for  support  equipment  and  personnel 
training  based  on  the  plan  for  maintenance. 

The  maintenance  requirements  analysis  will  involve  three  stages 
of  development: 

1.  Preparation  of  a  maintenance  plan  for  each  of  the 
major  blade  elements  to  include  identification  of  all 
preventive  and  corrective  maintenance  functions  and 
the  rationale,  where  pertinent,  for  the  selected 
maintenance  concept. 

2.  Identification  of  the  basic  support  requirements  for 
each  of  the  preventive  and  corrective  maintenance 
functions  to  include  personnel  skill,  task  time, 
special  tools  and  support  equipment. 

3.  Detailed  task  descriptions  and  illustrations  for  each 
of  the  defined  maintenance  functions  to  be  assembled 
into  a  maintenance  instruction  manual  for  the  rotor 
blade. 

Figure  52  shows  the  format  in  which  the  maintenance  concept  and 
plan  will  be  documented.  In  each  block  of  the  form  is  contained 
a  description  of  the  data  to  be  recorded  there.  Figure  53  is 
the  format  to  be  used  for  documenting  the  maintenance  require¬ 
ments  applicable  to  each  of  the  preventive  and  corrective 
maintenance  functions.  Detailed  task  descriptions  and  instruc¬ 
tions  will  be  prepared  in  technical  manual  form. 
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Fiaure  52.  Maintenance  Plan  Format. 
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Figure  53.  Maintenance  Requirements  Data  Format. 


DEVELOPMENT  OF  REPAIR  KITS ,  PROCEDURES  AND  TOOLS 


The  development  of  repair  kits  and  support  equipment  for  the 
repairable/expendable  blade  will  draw  on  the  contractor's 
extensive  rotor  blade  overhaul  and  repair  experience.  Over 
the  years,  the  contractor  has  done  extensive  research  and 
development  in  rotor  blade  repair  techniques.  Recently,  in 
the  course  of  two  USAAMRDL  funded  studies,  the  contractor 
devised  several  standard  repair  kits  for  use  in  field  repair 
concepts.  Figures  54  and  55  show  typical  kit  contents  and 
frequencies  of  use  which  resulted  from  the  studies.  Figure 
56  shows  a  typical  listing  of  equipment  requirements. 

In  the  proposed  program,  blade  repair  kits  and  special  tools 
will  be  developed  and  tested.  In  this  task,  the  contractor 
will  team  with  a  leading  developer  and  supplier  of  repair 
kits  to  commercial  airlines.  This  subcontractor  specializes 
in  repair  of  composite  bonded  structures  and  will  supplement 
and  enhance  the  contractor's  own  capabilities  in  this  area. 


Objectives  of  the  repair  kits  and  special  tool  development 
effort  will  be  to: 


•  Design  repair  kits  and  special  tools  suitable 
for  the  skill  level  of  a  UH-1  helicopter 
repairman,  MOS  67N20. 

•  Keep  the  number  of  special  tools  to  a  minimum. 

.  Specify  the  minimum  number  of  kit  types, 
consistent  with  optimum  repairability 
requirements . 

.  Select  adhesives,  fillers,  etc.  which  will 
permit  completion  of  repairs  within  the 
specified  maximum  active  corrective  main¬ 
tenance  time. 


Concepts  for  repair  kits  and  special  tools  will  be  developed 
initially  during  Phase  I  resulting  in  preliminary  concept 
drawings  and  fabrication  procedures.  In  Phase  II  detail 
design  of  repair  kits  and  tools  for  the  selected  design  con¬ 
cept  will  be  undertaken.  Detailed  repair  procedures  will  also 
be  developed  during  Phase  II  and  assembled  into  a  Manual  of 
Repair  Instructions.  This  manual  will  be  submitted  as  part  of 
the  Maintainability  Demonstration  Plan  to  be  developed  in 
Phase  III. 
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igure  54.  Sample  Repair  Kit  Contents 


Kits  and  tools  will  be  fabricated  during  Phase  III  and  evalu¬ 
ated  as  part  of  the  maintainability  demonstration  in  Phase 
III  and  the  repair-and-f ly  segment  of  the  flight  test  pro¬ 
gram  in  Phase  IV. 

Each  kit  and  special  tool  will  be  thoroughly  evaluated  during 
the  maintainability  demonstration.  This  evaluation  will  in¬ 
clude  considerations  such  as  the  following: 

•  Is  the  level  of  prefabrication  of  patches, 
plugs,  etc.,  optimum?  Is  the  selection  of 
patch  size  adequate? 

•  Is  the  supply  of  consumables  such  as  abrasive 
paper,  solvent,  etc.,  adequate? 

•  Are  the  selected  chemical  cleaners  and  solvents 
effective? 

•  How  convenient  is  the  prescribed  method  of 
mixing  2-parts  adhesives? 

®  Is  the  pot  life  of  the  adhesive  sufficiently 
long  to  permit  ample  application  time? 

•  Do  the  kits  contain  adequate  safety  apparel 
or  devices? 

•  How  convenient  will  their  use  be  under  adverse 
field  conditions?  Also  do  special  heat  sources 
used  create  fairly  constant  temperatures  within 
acceptable  limits? 

The  subcontractor  will  assist  in  the  demonstration  anl 
evaluation  of  the  repair  kits  and  tools.  The  results  of 
this  evaluation  will  be  documented  in  the  Phase  III  Report 
and  Final  Report. 
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MAINTAINABILITY  DEMONSTRATION 


A  maintainability  demonstration  will  be  conducted  at  the  con¬ 
clusion  of  the  repa ir-and-wiiirl  phase  of  the  whirl  test  program 
in  Phase  III.  A  formal  maintainability  demonstration  plan, 
prepared  in  accordance  with  MIL-STD-471,  will  be  submitted  45 
days  prior  to  the  start  of  the  demonstration.  The  following 
paragraphs  outline  briefly  the  scope  and  objectives  of  the 
maintainabi  lity  demonstration. 

The  maintainability  demonstration  will  be  performed  using  Army 
UH-1  helicopter  repairmen,  MOS  67N20,  and  the  approved  repair 
kits,  support  equipment  and  repair  procedures.  The  Army  will 
be  asked  to  supply  two  general  helicopter  repairmen  for  approx¬ 
imately  two  weeks.  The  Army  maintenance  personnel,  after  a 
basic  familiarization  with  the  rotor  blade  and  repair  pro¬ 
cedures,  will  be  required  to  perform  a  number  of  representa¬ 
tive  repairs  using  the  repair  kits,  support  equipment  and  re¬ 
pair  instructions  previously  developed.  Careful  attention 
will  be  given  to  selection  of  the  tasks  to  be  demonstrated  to 
insure  that  each  of  the  1ifferent  tasks  is  demonstrated  at 
least  once  and  that  the  overall  demonstration  is,  insofar  as 
possible,  representative  of  the  kinds  of  repairs  expected  in 
the  field.  Criteria  to  be  considered  in  selection  of  the  task 
sample  will  include  the  type,  location  and  severity  of  fail¬ 
ure  or  damage.  Approximately  twenty  tasks  will  be  demon¬ 
strated. 

Contractor  and  Government  personnel  will  witness  the  maintain¬ 
ability  demonstration.  The  adequacy  of  the  repair  kits, 
support  equipment  and  repair  instructions  will  be  carefully 
monitored  and  evaluated.  Deficiencies  observed  in  any  of 
these  areas  will  be  recorded  for  analysis  and  resolution  at 
the  conclusion  of  the  demonstration. 

The  time  required  to  perform  the  various  repairs  will  also  be 
monitored  and  recorded.  Each  task  will  be  documented  in  terms 
of  the  time  required  to  isolate  a  fault,  repair,  test,  etc. 

The  task  time  data  recorded  during  the  demonstration  will  be 
compared  with  the  maintainability  predictions  to  verify  or 
modify  the  analytical  projections.  Because  the  data  base 
necessarily  will  be  small  in  terms  of  statistical  confidence, 
it  may  be  necessary  to  apply  some  measure  of  engineering 
judgement  to  the  demonstration  results. 

It  also  will  be  necessary  to  perform  repairs  of  the  rotor  blade 
during  the  flight  test  program  to  evaluate  the  effect  of  cer¬ 
tain  repairs  on  blade  strength  characteristics,  flying  quali¬ 
ties,  etc. 


197 


Data  collected  during  the  flight-tests  will  be  used  to 
supplement  the  formal  demonstration. 

The  maintainability  demonstration  plan  will  be  prepared  and 
submitted  for  approval  of  the  Contracting  Officer.  The  plan 
will  provide  a  detailed  schedule  for  the  demonstration  in¬ 
cluding  identification  of  the  specific  tasks  to  be  demonstrated. 
It  will  also  include  a  detailed  description  of  the  repair  kits 
and  equipment  to  be  used  and  the  specific  conditions  under  which 
the  demonstration  will  be  conducted.  The  repair  instructions 
will  be  submitted  as  part  of  the  demonstration  plan. 


198 


SCHKDULK  OF  TASKS 


The  ma  i  nt  uinabi  1  i  ty  program  for  the  repa  i  rabl  o/cxpondnbl  e*  rotor 
blade  will  encompass  the  following  tasks:  Figure  <37  shows  the 
sch  od ulo  of  t  a  sk  s . 

1.0  Phase  I  -  Preliminary  Desiqn 

1.1  Allocation  of  maintenance  frequency  and  repair 
time  qoals  for  each  of  the  candidate  desiqn 
concepts . 

1.2  Definition  of  basic  ■  aintenancc  functions  and 
support  requirements  :or  each  of  the  candidate 
desiqn  concepts. 

1.3  Incorporation  of  maintainability  requirements  into 
the  blade  desiqn  specifications. 

1.4  Preparation  of  preliminary  desiqn  drawings  for 
repair  kits. 

1.5  Development  of  preliminary  fabrication  procedures 
for  repair  kits. 

1 .  f,  Analyses  of  repair*--  designated  for  each  of  the 
proposed  repair  kits. 

1.7  Prediction  of  the  Mean-Time-Between-Maintenance, 
MTBM  (Scheduled  and  Pnscheduled)  for  each  rotor 
blade  concept  using  the  results  of  the  Failure 
Modes  and  Effects  Analyses. 

1.8  Prediction  of  the  Mean-Time-Between-Removal ,  MTBR 
for  each  rotor  blade  concept  broken  down  into 
maintenance  function  and  cause  catagories. 

1.9  Maintainability  prediction  for  each  blade  concept 
to  include  the  following  maintainability  indices: 

Mean-Time-To-Repair ,  MTTR 

Mean  Preventive  Action  Time,  Mpt 

Mean  Active  System  Downtime,  M 

Maximum  Corrective  Maintenance  Time,  M 
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Figure  57.  Maintainability  Program  Schedule. 


Maintenance  Man-Hours  Per  FI  i  qht-l!our ,  MMH/FH 
Maintenance  Personnel  Requirements 

1.10  Participation  in  the  analytical  comparison  of 
blade  design  concepts. 

1.11  Presentation  of  repair  kit  desiqns  for  approval  of 
the  Contractinq  Officer. 

1.12  Contribution  to  the  Phase  I  Report. 

2.0  Phase  II  -  Detail  Desiqn 

2.1  Analysis  of  all  maintenance  functions  and  support 
requirements . 

2.2  Review  of  design  adequacy  for  maintainability  prior 
to  final  detail  desicin. 

2.3  Development  of  criteria  for  support  and  training 
ecruipment . 

2.4  Review  and  refinement  of  the  Phase  I  Maintain¬ 
ability  Analysis  and  Prediction. 

2.5  Contribution  to  the  Phase  II  Report. 

3.0  Phase  III  -  Whirl  Tower  Tests 

3.1  Preparation  and  submittal  of  a  Maintainability 
Demonstration  Plan. 

3.2  Maintainability  demonstration  conducted  with  Army 
personnel  at  the  conclusion  of  the  whirl  test 
program. 

3.3  Contribution  to  the  Phase  III  Report 
4.0  Phase  IV  -  Flight  Demonstration 

4.1  Collection  and  analysis  of  repair  data  resultina 
from  the  repa j.r-and-f ly  phase  of  the  flight  test 
program . 

4.2  Contribution  to  the  Phase  IV  Report 
5.0  Phase  V  -  Enaineering  Analysis 
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5.1 


Analysis  of  repair  kit  maintainability  and  repair 
time  reauiremonts 


5.2 


Contribution  to  the  Final  Report  to  include  the 
results  of  the  maintainability  demonstration 
conducted  in  Phase  III 


1 
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APPENDIX  IV 


RCS  EVALUATION  OF  REPAIRABLE/EXPENDABLE 
MAIN  ROTOR  BLADE  CONCEPTS 

EVALUATION 

Introduction 

The  purpose  of  the  study  is  to  relate  RCS  values  of  Concepts 
1,  2,  and  3,  to  the  RCS  of  the  UH-1H  metal  blade.  Theoreti¬ 
cal  anu  measured  data  are  utilized  to  provide  an  estimate  for 
the  four  designs.  The  measured  data  was  obtained  by  testing 
conducted  on  Design  2,  Reference  3,  in  accordance  with  an 
earlier  contract,  classified  CONFIDENTIAL.  During  that  con¬ 
tract,  a  blade  diagnostic  section  was  modeled  to  the  dimen¬ 
sions  of  the  UH-1H  blade,  and  features  of  Design  2,  Reference 
3,  were  incorporated  as  required.  Those  results  are  used  in 
this  report  to  establish  measured  RCS  levels  of  the  designs 
using  fiberglass  materials.  A  final  model  provided  the  RCS 
of  the  Design  2,  Reference  3,  blade  section,  metallized  and 
with  the  final  RAM  configuration  applied.  Absolute  levels  of 
RCS  are  not  included  here,  in  order  to  avoid  compromising 
classified  data. 

The  prime  scatterer  is  identified  for  a  metal  blade.  Delta 
RCS  values  are  established  and  presented  in  graphical  form 
to  depict  RCS  changes  caused  by  design  technique  and  dimen¬ 
sion  changes.  This  method  is  also  utilized  to  establish  the 
relative  importance  of  the  scatterers. 

Discussion 

The  main  rotor  blade  has  peak  RCS  returns  for  the  leading 
edge  (LE) ,  trailing  edge  (TE) ,  and  each  tip.  Previous  meas¬ 
urement  programs  have  identified  these  peak  values  for  several 
frequencies.  The  median  RCS  values  for  any  part  of  the  blade 
are  not  considered  significant  when  considered  in  relation 
to  RCS  values  associated  with  the  helicopter  main  body.  A 
theoretical  investigation  relating  the  importance  of  the 
blade  peak  returns  to  the  body  returns  has  been  conducted. 

It  is  believed  that  the  blade  peak  RCS  becomes  significant 
when  a  value  of,  or  in  excess  of,  12  dB  greater  than  median 
body  return  is  reached.  One  must  know  the  body  and  blade 
RCS  level  for  a  specific  application  to  establish  critical 
blade  peak  values.  It  could  be  suggested  that  an  untreated 
helicopter  body  would  be  large  enough  to  render  a  metal  blade 
RCS  peak  value  insignificant.  RCS  treatment  of  the  body 
could  expose  the  largest  peak  returns  from  the  blade.  It  is 
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known  that  the  leading-edge  return  of  a  metal  blade  is  usual¬ 
ly  several  dB  larger  than  the  trailing-edge  return  (see 
Figure  58) .  Generally  speaking,  if  the  leading-edge  RCS  is 
not  reduced,  the  trailing-edge  return  is  insignificant. 
Likewise,  the  RCS  return  from  blade  tips  is  insignificant. 

Any  significant  RCS  return  from  the  blade  tip  areas  (90  de¬ 
grees  and  270  degrees)  is  largely  due  to  the  rotor  attachment 
and  positioning  mechanism  and  to  the  blade  doublers. 

Ideally,  all  RCS  returns  from  the  secondary  contributors 
should  be  3  dB  or  more  below  the  value  of  the  largest  con¬ 
tributor  (generally  the  leading  edge) . 

All  measurements  to  date,  for  which  data  are  available,  have 
been  static  measurements.  Under  dynamic  operating  conditions 
the  rotating  blade  experiences  in-plane  bending.  Theoretical 
RCS  prediction  of  the  peak  values  (leading  edge)  is  possible. 
A  table  depicting  these  theoretical  values  is  presented  later 
in  the  text.  Assumptions  made  for  the  calculations  are  that 
all  four  designs  have  the  same  in-plane  bending  (1.04  degrees) 
and  that  the  bending  is  uniform  from  root  to  tip.  In-plane 
bending  of  0.69  degree  is  used  for  the  metal  UH-1H  blade. 

Concepts  1,  2,  3,  and  4  are  very  similar  from  the  RCS  stand¬ 
point  to  the  Design  2  blade  measured  under  the  earlier  con¬ 
tract.  Concepts  2  and  4  have  the  same  exterior  dimensions  as 
the  UH-lH  blade.  Concepts  1  and  3  airfoil  is  changed  such 
that  the  nose  has  a  larger  radius  and  the  trailing-edge  wedge 
is  slightly  decreased  in  size. 

Internally,  Concepts  1  and  3  use  an  aluminum  alloy  main  spar 
while  Concepts  3  and  4  use  a  stainless-steel  spar.  For  RCS 
considerations  it  is  immaterial  which  spar  is  used.  Concepts 
1  and  2  use  an  aluminum  alloy  trailing-edge  spline,  while 
Concepts  3  and  4  utilize  a  fiberglass  spline.  If  the  trail¬ 
ing  edge  is  metallized,  there  would  be  no  difference  electri¬ 
cally  between  the  designs  due  to  the  splines.  If  the  treated 
core  is  considered,  Concepts  3  and  4  would  be  preferred, 
though  the  differences  due  to  the  spline  electrically  would 
likely  be  insignificant. 

During  the  earlier  measurement  program,  the  final  model  was 
fabricated  to  the  dimensions  of  Reference  3,  Design  2.  The 
"diagnostic"  model  was  fabricated  to  the  dimensions  of  the 
UH-lH  blade.  The  RCS  value  differences  obtained  from  meas¬ 
urement  of  the  metallized  models  were  insignificant  except 
at  X-band,  where  leading-edge  RCS  values  were  increased  by  2 
to  5  dB  at  perpendicular  polarization. 

Figure  59  depicts  the  increase  in  trailing-edge  return 
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Figure  59.  Design  2  (Reference  3)  Metallized 

Vs  Design  2  Fiberglass  Trailing  Edge 
Comparison,  Design  2  Fiberglass  >+. 


caused  by  exposure  of  the  flat-backed  metal  spar  to  the  radar 
by  the  fiberglass  materials.  RCS  increases  of  from  1  to  29 
dB  are  shown  for  various  pitch  angles,  frequencies,  and 
polarizations.  Since  the  trailing-edge  RCS  return  is  impor¬ 
tant  primarily  in  relation  to  the  RCS  magnitude  of  the  lead¬ 
ing  edge,  a  comparison  of  leading-edge  return  vs.  Design  2 
(Reference  3)  trailing-edge  return  is  provided  by  Figure  60. 
Trailing-edge  return  is  increased  above  the  leading-edge 
return  for  nearly  every  aspect  angle,  frequency,  and  polari¬ 
zation.  It  is  concluded  that  the  trailing-edge  return 
must  be  reduced.  Reduction  techniques  are  discussed  later 
in  this  appendix.  Basically  two  methods  are  considered: 
treat  the  trailing-edge  honeycomb  core  with  carbon  to  absorb 
the  radar  energy,  or  metallize  the  trailing  edge  to  reflect 
the  radar  energy  away  from  the  receiver.  Figure  61  shows 
the  results  of  the  carbon-loaded  core  trailing-edge  returns 
compared  to  the  diagnostic  model  leading-edge  returns.  The 
trailing-edge  returns  are  significantly  below  the  leading- 
edge  returns  for  every  polarization  and  frequency  except  S- 
band  perpendicular  polarization.  The  carbon-loaded  core 
treated  trailing  edge  shows  lower  RCS  values  when  compared 
to  the  metallized  trailing  edge  for  nearly  every  frequency, 
polarization  and  aspect  angle. 

Figure  62  shows  the  leading-edge  RCS  peak  value  increase  due 
to  larger  radius  as  measured. 

Table  XXI  is  provided  for  a  summary  of  comparisons  of  the 
factors  affecting  the  leading-edge  0-degree  pitch  aspect 
angle  peak  RCS  return.  Table  XXI  consists  of  measured  and 
theoretical  data  for  the  static  condition  and  theoretical 
data  only  for  the  dynamic  condition.  The  theoretical  RCS 
value  of  the  UH-1H  blade  at  X-band  and  static  condition  is 
used  as  the  reference  and  compared  to  all  other  values. 

Study  of  Table  XXI  shows  excellent  correlation  of  theoretical 
and  measured  values  except  for  the  smaller  radius  blade  (r^) 
at  X-  and  S-bands,  where  differences  of  3.1  and  2.6  dB 
respectively  are  observed.  The  theoretical  increase  in  RCS 
due  to  the  increased  nose  radius  (r2>  is  1.9  dB.  Dynamic 
RCS  is  decreased  by  1.8  dB  for  Concepts  1,  2,  3,  and  4  when 
compared  to  the  UH-1H  blade  by  the  in-plane  bending.  Con¬ 
cepts  1  and  3  net  a  theoretical  reduction  of  0.8  dB  even  with 
the  increased  nose  radius.  Figure  63  is  a  graphical  illus¬ 
tration  of  data  presented  in  Table  XXI. 
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Conclusions 


1.  All  four  fiberglass  designs  expose  the  flat-backed  metal 
spar  and  cause  trai ling-edge  RCS  increases  above  that  of 
the  UH-1H  reference  level.  Trailing-edge  treatment  must 
be  accomplished  to  prevent  the  trailing-edge  RCS  from  be¬ 
coming  the  prime  contributor  for  the  four  fiberglass  de¬ 
signs  . 

2.  Treatment  of  the  blade  trailing  edge  can  be  accomplished 
by  two  basic  methods:  absorb  the  radar  energy,  or  reflect 
the  energy  away  from  the  threat  receiver.  Absorption  of 
the  energy  has  some  benefits  not  provided  by  the  second 
method.  Lower  trailing-edge  RCS  is  experienced,  multi¬ 
bounce  reflections  are  minimized,  and  bistatic  radar 
threat  is  reduced. 

3.  The  increased  leading-edge  radius  of  Concepts  1  and  3 
causes  an  increased  leading-edge  RCS;  however,  due  to  the 
increase  of  in-plane  bending  of  the  fiberglass  designs, 
the  peak  RCS  value  is  no  greater  than  that  of  the  refer¬ 
ence  blade.  Concepts  2  and  4  have  a  lower  RCS  peak  value 
than  the  reference  blade  due  to  the  in-plane  bending. 

4.  All  four  designs  will  meet  the  requirements  that  RCS  values 
be  no  greater  than  that  of  the  UH-1H  metal  blade  if  the 
trailing  edge  is  treated. 

TRAILING-EDGE  REDUCTION  TECHNIQUES 

Introduction 

Two  basic  methods  are  available  to  reduce  the  trailing-edge 
RCS  level.  Absorb  the  energy  or  deflect  it  away  from  the 
threat  radar.  Energy  deflection  can  be  accomplished  by  metal¬ 
lizing  the  aft  section  of  the  trailing-edge  return  to  the  ref¬ 
erence  level  set  by  the  UH-1H  metal  blade.  Absorption  of  the 
energy  would  reduce  the  peak  values  to  an  average  (3  frequen¬ 
cies,  2  polarizations)  approximate  level  of  7  dB  below  the  ref¬ 
erence  level. 

Discussion 

Several  techniques  are  available  to  metallize  the  blade  trail¬ 
ing-edge  surface.  Conducting  paints  or  lacquers  and  sheet  con¬ 
ductors  are  considered  the  most  logical  choices.  Sheet  conduc¬ 
tors  are  metal  foils  or  screens.  The  sheet  conductors  require 
bonding  resins  for  part  fabrication.  The  foil  would  require 
two  resin  layers  while  the  screen  would  probably  require  only 
one  resin  layer.  The  resin  weight  is  estimated  to  be  0.04 
pound  per  square  foot.  Ground  planes  have  been  made  utilizing 
0.002-inch  aluminum  and  16-  to  20-gauge  aluminum  screen  using 
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two  resin  layers.  Aluminum  films  are  available  as  thin  as 
0.00025  inch  with  a  weight  of  0.0035  pound  per  square  foot. 

It  is  likely  that  lighter  weight  aluminum  screen  is  also  avail¬ 
able.  The  following  data  is  supplied  as  a  weight  estimate  per 
square  foot  for  metallizing  the  rotor  blade  aft  section. 


Screen  Wire  (18  gauge  nominal,  2  resin  layers)  0.120 

(1  resin  layer)  0.080 

Aluminum  Foil  (0.002  inch,  2  resin  layers)  0.109 

(0.00025  inch,  2  resin  layers)  0.084 

Epoxy  Base  Aluminum  Paint  0.111 

Silver  Lacquer  0.025 

Metal  Lacquer  0.019 


The  metal  lacquer  appears  to  have  a  weight  advantage  based  on 
sales  data. 

Conductive  paint  candidates  are  copper,  aluminum,  or  noble 
metal  in  an  epoxy  resin  bonding  system.  Due  to  weight  and  cost 
advantages,  aluminum  is  the  most  likely  candidate.  Abrasion, 
adhesion,  and  electrical  resistance  should  be  verified  to  be 
system  compatible. 

Aluminum  in  an  epoxy  resin  bonding  system  will  have  the  follow¬ 
ing  properties: 

Electrical  Resistance  0.4  to  20  ohms  per  square 

Surface  Adhesion  Excellent 

Abrasion  Resistance  Good 

Chemical  Resistance  Good 

Solvent  Resistance  Excellent 

Cure  Temperature  175°C  —  1  Hour 

Max.  Service  Temp.  325°C 

The  problems  to  be  expected  with  conductive  paints  are  that, 
with  anything  other  than  silver,  an  electrical  resistance  of 
less  than  10  ohms  per  square  is  difficult  to  achieve  and  pro¬ 
cessing  steps  to  obtain  the  excellent  surface  adhesion  include 
surface  preparation  and  surface  prime.  The  conductivity  of 
the  chosen  system  is  estimated  to  require  a  value  of  less  than 
20  ohms  per  square  to  maintain  an  adequate  state  of  metalliza¬ 
tion.  The  smaller  the  ohms  per  square  value,  the  better  the 
radar  reflective  surface  becomes. 
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Additional  paints  that  should  bo  investigated  are  a  silver 
lacquor  and  a  metal  lacquer  that  are  available  commercially. 
The  properties  of  these  paints  are  given  below. 


Type 

Silver  Lacquer 

Metal  Lacquer 

Identifier 

CC-2 

341 

Cure 

Air  Dry 

Air  Dry 

Color 

Silver 

Metallic  Gray 

Service  Temp. 

300°F 

275°F 

Surface  Resis. 

Less  than  1  ohm/ 
square 

Less  than  1  o', 
square 

Cost/sq  ft 
of  Material 

$1.00 

$0.30 

All  the  data  on  these  paint  systems  are  sales  data. 

Choice  of  conducting  paint  or  lacquer  as  the  problem  solution 
will  require  an  overcoat  of  appropriate  colored  paint,  as  it 
is  believed  that  the  desired  electrical  properties  cannot  be 
maintained  by  striving  for  color  and  conductivity  in  one 
application . 


Effects  c ''  Blade  Repair  on  RCS 

Snail  damaged  areas  on  the  blade  may  be  repaired  without  re¬ 
placing  the  electrical  conducting  surface  ply  or  treated  core 
without  degrading  the  RCS  of  the  total  blade  substantially. 
That  is,  an  8-inch  square  area  not  covered  by  a  conductive 
skin  should  not  increase  the  RCS  of  the  total  blade  by  a 
significant  amount. 

If  the  blade  is  coated  with  a  conductive  paint,  kits  for 
blade  repair  could  be  made  up  to  include  a  small  container  of 
the  conductive  material  to  be  used  at  the  time  the  repair  is 
made.  An  8-inch  square  area  not  coated  will  have  a  negligible 
effect  on  the  RCS  of  the  blade. 

Repair  of  a  blade  having  a  treated  core  would  follow  the  same 
procedures  used  for  a  blade  with  an  untreated  core. 
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APPENDIX  V 


FAILURE  MODES  AND  EFFECTS  ANALYSTS 


This  appendix  presents  the  computer 
output  from  the  accumulation  and 
computation  of  failure  occurrences 
and  dispositions  for  the  current  blade 
and  for  each  design  concept. 
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72.!!. 0  fClAL  DVACK  IVt-lTS 


CURRENT  UH-  lM  MALM  KOTOR  DL AD £ 

TOTAL  DAMAGE  EVEMTO  IN  L AMPLE  =  7329.0 

FRACTION  DAMAGED  RENT  TO  DEPOT  =  0.3440 

FR  AC  T  I  ON  DAMAGED  REPAIRED  ON  AI  ..CKAF  1'  =  0.0000 

fi? ac r i o :m  dmgu.  rprd.  off  a/c  it  field  =  0.1240 

FRACTION  DAMAGED  E CRAPPED  LM  FIELD  =  0.3320 

FRACTION!  DAMAGED  REPAIRED  AT  DEPOT  =  0.1419 

FRACTION  DAMAGED  SCRAPPED  AT  DEPOT  =  0.4020 


ME  AM  ADHESIVE  CURE  TIME  FDR  ALL  P.Pla . 
3.M- AI  KCKAFT  rEPAI.s  ACTIVE  MMM 
OFF- AI RC  AFT  FIELD  REPAIR  ACTIVE  MMM 
ON- AIRCRAFT  REPAIR  MTTR 
OFF-AIRCRAFT  FIELD  REPAIR  MTTh 
M E  AM  AC  T I  \J  E  4  AI  H  E  1  AM  C  E  TI  M E 
MEAN  CORK  EC  T I  V  E  ;  1AI M  T  EMAiMCE  DG  M  i  I  ME 
EL  APR  ED  TIME  TO  ,;EMOVE,  REPLACE,  ETC. 


0.29  1  HGJRR 
0.000 
0.331 

0.000  HOURS 
1.122  HOURS 
1.122  HOURS 
3.7  50  HOURS 
3.730  HOURS 


AVERAGE  MIT  JOE  PER  FIELD  REPAIR: 
MIT  MO.  DM  AIRCRAFT  OFF  A I  ;;CP.AF  T 
1  0.000  A.  106 

2  0.000  0.000 

3  0.OQ0  0.194 


9  STM  PERCENT  ILK  MAXIMUM  .'REPAIR  TIME  =  2.206  HOUR:, 

9 STM  PERCENT  I LE  MAXIMUM  REPAIR  DOWNTIME  =  6.4  52  HOURS 

9 STM  PER GEN  TILE  MAXIMUM  DAMAGE  DOWNTIME  =  3.750  MG  URL 

SURVI VARILI TY  FACTOR  =  1.000 
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Otl'ti'iA.iii 


CURRENT  UH-1H  MSS  *****  N3  COM 3 AT  DAMAGE 


TCTAL  DAMAGE  EVENTS  IN  1 AMPLE  =  6406.0 


FRACTION  DAMAGED  SENT  VO  DEPOT 
FRACTION  DAMAGED  REPAIRED  ON  AIRCRAFT 
FRACTION  DMGD.  ..POD.  OFF  A/C  IN  FIELD 
FRACTION  DAMAGED  SCRAPPED  I  ’  FIELD 
FRACTION  DAMAGED  ..ZP AIRED  AT  DEPOT 
FRACTION  DAM. AGED  .'.CRAPPED  AT  DEPOT 


0.  545? 
0. 0000 
0.1323 
0.3217 
0. 1624 
0.3335 


MEAN  ADr.iSIVE  CURE  TIME  FOR  ALL  RPR 3. 

ON- AIRCRAFT  REPAIR  ACTIVE  HtlH 

OFF-AI  -CRAFT  FIELD  REPAIR  ACTIVE  MMH 

ON- AI  H CRAFT  REPAIR  f'TTR 

OFF  -  AI  ..CRAFT  FIELD  REPAIR  MTTR 

MEAN  AC  1‘  I  V  E  MAIN  TER  A  MCE  T  I  ME 

MEAN  CORRECTIVE  MAINTENANCE  DOWNTIME 

ELAPSED  TIME  TO  REMOVE,  .REPLACE,  ETC. 


0.312  ROURS 
0.000 
0.340 

0.000  HOURS 
1.152  HOURS 
1.152  HOURS 
3.750  H0URS 
3.750  HOURS 


AVERAGE  KIT  USE  PER  FIELD  REPAIRS 


KIT  NO. 

1 

2 

3 


ON  AIKCR 
0.000 
0.000 
0.000 


at  r 

I*  * 


OFF  AIRCRAFT 
0.  792 
0.  000 
0.203 


95TH  PERCENTILE  MAXIMUM  REPAIR  TIME 
95TH  PERCENTILE  MAXIMUM  REPAIR  DOWNTIME 
9STH  PERCENTILE  MAXIMUM  DAMAGE  DOWNTIME 


2.255  HOURS 
6.453  HOURS 
3.750  rICJRS 


SURVIVABILITY  FACTOR  =  1.144 


220 


OAM ACC  CAflGOrfltl  <f*/t  H.AJE  0rS|G94  U?.f.  10*11  4  18)1 

m?<  rr/r  or  oa*a.*.c  c^po-jcmi 


iNMCKtvr  CAjrr*. 
i.  i  oiLAMixArrj 
I.  9 
I.  9 
|.  A 
I.  » 

I*  * 

I.  I 
i.  n 
i*  « 

f.  t  CNACKCO 
«.  8 
t.  9 
t.  4 
8.  9 
».  I 

8.  T 
t.  8 
t.  9 
f  .10 
P.  II 
8.18 

9.  I  COAACDCD 
9.  9 

9.  9 
9.  4 
9.  I 
9.  4 
9.  9 
9.  4 
9.  9 

9.10 

4.  |  tHOUtO 

4.  8 

4.  I  *9fc4  OVEKM 

CXrc^iAt  C»W»C9 

«.  I  0£9JEl> 

4.  2 
4.  9 
4.  4 
4.  9 
4.  4 
4.  T 
4.  n 
4.  9 

4.10 

4.11 

9.  i  rjMcrj.<co/TCH>* 

T.  • 

T.  9 
9.  4 
9.  4 
9.  4 
1.  9 
9.  4 
9.  9 
9.10 
9.|| 

9.U 

t.  i  4c*r/otsrtMrc9 

4.  f 

8.  9 
4.  4 

4.  •  N|CKC9/9C8Af CHCO 

9.  8 
9.  9 
9.  4 
*•  4 
9.  4 
♦  .  9 
9.  4 
9.  « 

9.10 

*•19 

9.12 

0.  I  I4:sc/«|55INC 
I.  I  A"k*>£0 
I.  2 
I.  9 
I.  4 

8.  I  8VC<*»lfcC91CO 

CCM*AI  CAJ9C9 

9.  I  •‘MILE  3A-ACC 

9.  • 

9.  9 
9.  4 
9.  S 
9.  4 
9.  9 
9.  4 
9.  9 

9.10 

9.11 

9.12 


spa* 

4419 

V.  I.  IKUNC 
|N|H  f AA 
*94  f  OOjnLl.ti 
G*ifP/J«<Ao  PLAT  £4 
OH  |  #»  PAO 
*04  f  CLOiJHt 
TIP  CLJ4JHC 
4  PA* 

9414 

r.  c.  4PUMC 

T4I4  IA8 

803f  UJJALC44 
CH|P/DkAC  P14TC4 
G*|P  pad 

On!P/Ur.AG  RJ44I9G4 

Moor  ct  'u.c 

IIP  Ci.99  Jh £ 

K09f  CAP 

TIP  CAP 
t  PM 

T.  C.  4PII4C 
1819  TAB 

p:oi  ojjaltas 

OKIP/DMAU  PLAIC4 
CHIP  PAO 

CrftP/ONAi.  PJ5HI4G4 
N2ur  CL04J.4C 
8021  CAP 

TIP  CAP 
SPAA 
TIP  CAP 

GMP/0«Aw  4U44I4G4 

iPAA 
44 1  9 
C9HC 

r.  c.  spiht 

IpIH  TAB 

k-jor  double** 

GK|P/OrfPC  PLATES 
H3*  f  CL  JbiMC 
TIP  CLOLJ^l 

8001  CAP 
TIP  CAP 
SPAR 
£419 
CO  At 

T.  C.  SPLI9C 
TRIM  TAB 
rtOJf  UJ4H.U4 
•AI^/UMAG  rLAlCS 
lii<|P  fKJ 
Aaar  ct^ij-c 
IIP  CL24J»* 

K4CT  CAP 
TIP  CAP 
4P\4 

T.  C.  4PLI4C 
T*|9  TA9 
TIP  CAP 
4PAA 
4414 

T.  8.  SPLI4C 
IK|1  TAB 
KiCf  Ow'JBlCmS 
GA I  P/oh AG  PLAIC4 
CHIP  PAD 

G*|P/UrfAC  nj*41*C8 

4201  CLCSJnC 

TIP  CLwiU*C 

820 r  CAP 

IIP  CAP 

IIP  CAP 

4  PAR 

4419 

Mill  O0U*LC.4 
t|P  CAP 
T9IAL  8LA0C 

SPAR 

4919 

Co«C 

f.  t.  4PII9C 
TPI*  TAB 
8^31  0CJ«LCa4 
G.IIP/OrtAG  PlMCS 
84IP  PAO 
AVf  CL04‘J«E 
IIP  CV2»JkL 
8301  CAP 
IIP  CAP 
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•  .130 

J.JJ3 

'•«) 

3.43 

1.74 

1.7© 

3 

9 

If 

2.0 

t.«  ’3 

0.  '  7 

.7.  0«’  * 

1.  •’ 

0.  J  1 

0. 31 

1.34 

1.3* 

3 

1 J 

t 

4.3 

i. :  ) 

J.'  J 

C.vV  .7 

7.  *  17 

:.  * 

0.04 

,.0J 

0.31 

C 

1  1 

1 

4.0 

• .  n  »  i 

0.2  7 

<7.  ’  C 

w.  n  7  7 

0.63 

0.43 

1  .  34 

I.4l 

3 

1  1 

2 

3.7 

1.2" 

V.  '  •  ) 

n.  )  >c 

'>.  «  ’  ? 

n.43 

0.43 

1 .3S 

1.33 

S 

1  1 

3 

2.  ’ 

O.Cli* 

1.7'? 

r.  »oj 

'».'*  *  1 

1  1 

4 

1  .  ) 

1 .  .  ’  *. 

7.-  •! 

-.  *  n 

.  * 

0.20 

0*20 

1.33 

1.33 

0 

12 

1 

1?J.  •* 

3. : :  ** 

1.  *.7 

' .  :  ro 

J.  v. 

1  7 

1 

■'ll,-’ 

7.  '  *  • 

1. 

t.  7  •  ) 

3.  7  ’O 

13 

.»-»  7..' 

1.  *  7- 

■).'') 

0.  7  '• 

C.  ;*7.* 

1.36 

1.24 

.*•  O 

2.23 

4 

n 

3 

2*.  1  • 

l.'“: 

o.-»  •  1 

o.  V  3 

'.  »l7.1 

1. 36 

1.34 

2.03 

2.33 

4 

13 

« 

>«.  ) 

1.  -  ’  ’ 

1 .  •  •  > 

3.  *2 

13 

3 

3.2 

l J 

I. .  V  1 

J.  ’  )0 

(■.  1  ’  » 

0.  >3 

0.93 

1.  14 

1.74 

1 

3.  4  33.  J  \}.r"  I.*?,'  0.  TJO 


3.  7  6.0  '.  •  •  >  I.  30 

3.1  11.2  1.’  I.  3  I  '  *.  •? 

3.  7  4.3  0."lM  I.  D  C.71J  3.  ~1 


13.  1  3 

1  1.  1  1 

*».-  ) 
3  •  0. 

’)'»  0.  2  *0  Y  .7  '*|  |.3© 

*•  1  I.'*  ■*  ‘*.'7  7/1  0,33  3 

1.34 

J.'JJ 

2.* 13 

4 

13.12 

2.7  1. 

2.  .1  *n?  o.VI  ''.j- 3  c.20 

9.20 

1.33 

1. 31 

0 

SH*?.^  JJI^L  DA’i.E  LWl\ti 


r i eh o  MPAtrAni i/mpisoarh:  orstctfs  u  «  12 

fHACf  I  MAL 

NiJ«fllN  »4-AC  7|»Li>  ')»  Wl  MHH  WITH  Kl  f 

1  TtM  CCCiO  H C »' * . t  LCnAP  Mi*V  SC.'Ai*  C4-AC  er^-A  VJW-AC  «rr-A  NO. 

I*  i  31.0  o.ooo  i.nno  o.oon  o.oon 

I.  ?  3-i ;* . o  i.O'D  r>. non  o.qon  o.nno  o.O  0.93  i.60  1.40  4 

I  •  3  74.0  O.ftaO  I.OQU  0.030  O.OnJ 

I*  S  3.0  0.030  |.V»Q  0.030  )..'  o 

I.  4  4.0  0.000  1.0(0  0.000  O.uOO 

I.  7  3.0  O.O'O  1. 000  0.000  0.030 

1.  I  4.0  0.00ft  l.oftft  0.000  0.000 

I.  f  4.0  O.O'jft  I.OuO  P.000  ft.  0  30 

f.  I  3.0  0.003  1.00  3  <3.  no '3  0.00ft 

f.  r  112.5  1.003  n. 03ft  O.pftft  0.00ft  0.43  0*43  1.33  1.34  4 

t.  3  41.0  0.030  1.000  C.*  10  O.ftftO 

t.  4  1.0  1.000  ft.  OftO  P.O'HJ  0.000  0.93  0*93  1.76  1.74  I 

3.  4  3.0  O.OOft  l.OCJ  0.(30  0.030 

S.  4  3.0  0.003  I.COCl  0.0-30  0. 000 

C.  7  4.0  O.Oftft  l.ftftft  0.000  0.000 

9.  4  1.0  0.000  I.Oftft  I). 000  O.OftO 

t.  9  2.0  O.OftO  I.Oftn  ft.ftr»0  0.03ft 


C.IO 

2.0 

0.5ft  1 

O.ftftft  O.ftftft  0.000 

0.43 

0.43 

1.35 

1.35 

5 

i.ll 

1.0 

0.  OOO 

l.Ol  'i  O.Oftft  O.OOft 

f.lf 

1.0 

1.003 

o.ooo  n. one)  o.ft)i 

C. 20 

0.20 

1.33 

1.33 

0 

3.  1 

137.0 

1.000 

ft.  0  1  )  ft.  Oftft  0.  OlM 

0.43 

0.63 

1 . 39 

1.39 

3 

3.  ? 

•  2.0 

1 .0‘0 

O.OftO  O.ono  O.OOft 

0.43 

0.43 

1.31 

1.38 

3 

3.  3 

1  .ft 

1 .000 

o.ftft )  o.o:3  o. non 

0.63 

0.43 

1  >  3d 

1.11 

3 

3.  4 

2.0 

0.  00ft 

1 .COO  0.03ft  0. ftftft 

3.  4 

72.0 

0.000 

0.000  0.000  O.CVj 

0.43 

0.43 

1.39 

1.3) 

3 

3.  4 

4.0 

0.030 

o.om  c.ooo  o.oft*? 

0.40 

0.40 

0.74 

0.74 

3 

3.  7 

3.0 

O.OftO 

l.ftftft  0.ft‘*0  (l.ftftft 

3.  « 

2.0 

0.000 

I .0*0  ft. Oftft  O.ftftft 

3.  9 

2. ft 

0.030 

o.ftftft  0.003  0.00-1 

0.43 

0.63 

1.74 

1.74 

3 

3.10 

f.O 

l.ftftft 

O.Oftft  ft.ftno  O.OftO 

0.31 

0.31 

1.34 

1.34 

3 

4.  1 

123.0 

I.Oftft 

0. Oftft  o. 010  0.030 

0.43 

0.43 

1.38 

1.38 

3 

4.  2 

I.C 

1.000 

O.Oftft  0.000  0.030 

0.41 

0.41 

1.35 

1.35 

3 

4.  1 

104.0 

O.OOft 

1.000  0.000  0.031 

4.  4 

174.0 

0.343 

0.6S/  r.ooo  o.OftO 

0.30 

0.30 

0.7| 

0.71 

0 

4.  4 

9.0 

1.003 

0.030  O.Oftft  0.000 

0.73 

0.  >3 

1.74 

1.74 

1 

4.  4 

173.0 

0.030 

1 .0)3  0.000  0.000 

4.  7 

70.0 

0.003 

I.OCO  0.000  O.OftO 

4.  n 

20. ft 

ft.  Oft  3 

l.fftft  O.OftO  0.000 

4.  9 

2.0 

0.  003 

i  .oftft  o.om  o.  ooo 

4.10 

3.0 

o.oon 

1.03]  O.Oftft  o.ooo 

4.11 

5.0 

1.000 

o.ooo  o.oon  o.Ofto 

0.20 

0.20 

1.33 

1.33 

0 

7.  1 

243.0 

O.OftO 

1.01ft  0.310  0.003 

9.  2 

142.  ft 

1.000 

O.Oftft  O.OOO  O.OftO 

0.93 

0.93 

1.40 

1.40 

4 

7.  3 

142.0 

1.030 

0.000  O.Oftft  O.OftO 

0.93 

0.93 

1.40 

I.4C 

4 

7.  4 

1 1  >.o 

0.000 

1.000  0.000  O.OOft 

7.  4 

3.0 

I.Oftft 

0.0*0  o.ftOO  O.Oftft 

0.93 

0.93 

1.74 

1.74 

1 

7.  4 

31.0 

O.OftO 

i  .C-jft  o.  non  o.  OftO 

7.  7 

4.0 

O.OOft 

i.ftoo  a.ftoo  0.030 

7,  S 

12. n 

0.003 

1 .POO  0. 00ft  O.Oftft 

7.  9 

4.0 

O.OftO 

I.OV)  O.OftO  0.033 

7.10 

3.0 

0 . 6  s  7 

0.33-1  ft.  0?0  O.Cftft 

0.»3 

0.93 

1.40 

1.40 

4 

7.11 

3.0 

ft.©'*-! 

1.0  ’0  ft.OCO  0. 003 

7.12 

3.0 

1.010 

0. 0*1(1  0.00  3  O.OftO 

0.20 

0.20 

1.33 

1.33 

0 

«.  1 

1.0 

0.000 

i.oco  o.  no  o.ooo 

«•  t 

7.0 

0.000 

1.000  0.0*3  3.033 

«.  3 

1.0 

1.0)3 

0.033  O.ft  3  0.000 

0.30 

0.30 

0.7» 

0.71 

1 

«•  4 

1.0 

I.OCO 

0.333  0.033  O.OOft 

0.20 

0.20 

1-33 

1.33 

0 

9.  k 

141.0 

1 .030 

0.003  (1.110  0.000 

0.43 

C.  63 

1.34 

1.3) 

3 

9.  9. 

153.0 

I.Cftft 

0.3*3  C.O  »0  0.000 

0.43 

0.43 

1.35 

1.35 

5 

9.  3 

2.0 

1 . 000 

o.ftoo  o.  :uo  ft. ooo 

0.43 

C.  63 

1. 34 

1.31 

3 

9.  4 

1.0 

1.00ft 

o.  n  )  c.  no  o.  coo 

Q.*3 

0*  *3 

1.34 

1.34 

3 

9.  4 

14.0 

0-000 

o.*;o  c. Gift  o.ooo 

0.43 

0.43 

1.34 

1.38 

2 

9.  4 

3.0 

O.OOft 

0.000  0.0*0. o. ooo 

0.63 

0.43 

1.34 

1.34 

3 

9.  7 

7.0 

o.noc 

o.ftftft  O.Oftft  0.030 

0.73 

0.73 

1.4) 

1.48 

3 

9.  ■ 

2.0 

o.oco 

o.O) )  3.  :<;o  0.33’) 

0.60 

0.60 

0.  76 

0.  76 

3 

f.  9 

3.0 

0.000 

O.ftOO  ft.  100  o.ooo 

0.63 

0.43 

1. 31 

1.33 

3 

9.10 

1.0 

»  .000 

o.*  ft  n.roo  a.qpo 

0.43 

0.0 

1.35 

1.35 

3 

9.11 

2.0 

0.000 

0.3  0  ft. ft 00  O.OftO 

0.6  J 

0.63 

1 .74 

1.76 

3 

9-12 

2.0 

1  .  3C0 

c. 33?  o. 3  n  ft. ooo 

0.31 

0.31 

1.34 

1.34 

3 

10.  1 

4.0 

1 . 003 

0. 013  O.OftO  0-  *100 

O.OJ 

0.09 

0.01 

r.  04 

0 

11.  1 

9.0 

I.COft 

ft.OCO  ft. 3" 1  0.000 

0.63 

0.43 

1.34 

1.34 

3 

It.  3 

2.0 

0.000 

1 . ICO  3.030  0.030 

11.  4 

1.0 

l.31> 

(ft.  lift  0.3*0  O.Oftft 

0.20 

O 

0 

1.33 

1.33 

0 

12.  1 

7  0.0 

ft.  010 

l.nft ft  O.ftftft  O.oc 3 

13.  1 

216. C 

O.Oftft 

1.0*0  o.r.oo  0.000 

13.  2 

123.0 

1  •  Oftft 

0.313  0.0:0  0.030 

1.36 

1.34 

2.03 

2.03 

4 

13.  3 

12ft. 0 

1  .C*0  J 

(>•*),<  3.  wift  0.000 

1.36 

1.36 

2.03 

2.03 

4 

13.  4 

•  *  •  0 

ft.COft 

1.3*3  O.C-n  3.000 

13.  4 

3.0 

1 .000 

O.OftO  0.3)0  0.033 

0.93 

0.93 

1 . 74 

1.74 

t 

13.  4 

33.0 

0.0  ?  ) 

i.oco  0. ;oo  0.000 

13.  7 

4.0 

O.ftftft 

l.ftftft  o.ftftn  o.noo 

13.  9 

1  1.0 

0.  OftO 

1  .  t’O  O.OJfl  O.QOO 

13.  9 

4.0 

Q*  000 

l.ftftO  0.00  0.003 

13.  10 

2.0 

0.  >*0 

O.jO)  o.noj  o.ooo 

1.34 

1.36 

2.03 

2.03 

4 

13.11 

3.0 

O.OftO 

1.3)3  0.030  0.000 

13.  12 

2.0 

1 .030 

0.3*0  3.030  0.000 

0.20 

0.20 

1.33 

1.33 

0 

4143.5 

total 

OA*ACf  tV5lT5 
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FIELD  KEPAli\  AOLE/EXPENDAHLE  DESIGN 

toial  D.vno:  events  m  .sample  = 

Fi ;AC  1  I  ON  U AM A(i El)  SE'IT  IS  DEPfi  i'  = 

FPACrt'J'J  DAMAGED  KEPAl  ilKl)  MM  A I  KCnAF  1’  = 

FACTION  DM  GO  •  ,.Pi.O.  OFF  A/C  [M  FIELD  - 

f..ach;:\i  damaged  sckapped  im  field  = 

FRACTION  DAM  AC'i'.IJ  >  .EPAl  i'.ED  AT  DEPOT  = 

F..ACTI  1  DAMAGED  ECKAPPEU  AI'  DEPD 1  = 

ME  A  J  ADHESIVE  CUl-.E  f  I  ME  F  0  N  ALL  KPKS.  = 
DM- AI  kCkAF  T  i.EPAIh  ACIIVE  MM  -f  = 

JF  F  -  AI :  <  C  i  <  AF I  FIELD  NEPAIK  ACIIVE  !1M  H  = 
DM-  AI  kCkAF  f  KEPAIK  MTTK  = 

MFF-AIkCaAFI  FIELD  KEPAI K  MTTK  = 

ME  AM  ACTIVE  .MAI  N  I  E NANCE  I  I  ME  - 

ME  AM  COKi-.ECTI  VE  MAI  <1 1  ENANCE  DOWNTIME  = 
ELAPSED  TIME  TO  REMOVE*  REPLACE,  ETC.  = 


AVEKAGE 

KIT  JSE  PEi.  r 

'I  ELD  I.EPAIk: 

Ktl  NO. 

ON  AIKCKAFT 

OFF  AIKCKAFT 

1 

0.004 

0.000 

•J 

0.  000 

0.  000 

3 

0.  143 

1.000 

4 

0.  670 

-0.000 

5 

0.  1  55 

0.  000 

951'H  PEkCENTILE  MAXIMUM  KEPAIK  TIME 
95  T  H  PERCENT I LE  MAXIMUM  KEPAIK  DOWNTIME 
9511  PEi. GENTILE  MAXIMUM  DAMAGE  DOWNTIME 


SU.:VI  VA'IILI  TY  FAC TDK  =  1.261 


S  1*2*9*  &  10 

Sil3.fl 

o. oo no 

0. 5930 
0.01 3  9 
0.333  I 
0. 0000 
0.0000 

o.7i8  ru Jke 

0.855 

0.635 

1.573  HOUKS 
1.366  HO  JKE 
1.567  IDJKE 
2.459  HJUKS 
•3.750  -iDUKS 


=  2.327  rl'OUhii 

=  2.991  HU  UK 

=  3.231  HO UK 
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FK/E  BLADE  DESIGNS  l,2»9  P<  10  *****  NU  COMBAT  DAMAGE 


TOTAL  DAMAGE  EVENTS  IN  SAMPLE 

FRACTION  DAMAGED  SENT  10  DEPOT 
FRACTION  DAMAGED  REPAIRED  ON  AI RCRAF 1 
FRACTION  DM  CD •  KPRD.  0FF  A/C  IN  FIELD 
FKACT 1 0N  DAMAGED  SCRAPPED  IN  FIELD 
FRACTI0N  DAMAGED  REPAIRED  AT  DEP0T 
FR  AC  T I  ON  D  AM  AGED  SCRAPPED  AT  DEPOT 

MEAN  AD  WED  I  VE  CUKE  TIME  FOR  ALL  RPRS. 
ON-AI  KC.-.AFl  REPAIR  ACTIVE  MMW 
OFF- AIRCRAFT  FIELD  REPAI R  ACTIVE  MMW 
ON-AI  KCE  AFT  KEPAIK  MTTR 
OFF-AI. '.CRAFT  FIELD  j.EPAIK  MTTR 
MEAN  ACTIVE  MAINTENANCE  TIME 
M  E  AN  C  0  R  K  E  C  T  l  V  K  M  A I  N  f  EN  AN  CEO  0 W  N 1  I  M  E 
ELAPSED  TIME  TO  REMOVE#  REPLACE#  ETC. 


49  32.0 

0. 0000 

0.  3961 

0. 0223 

0.38  16 

0.0000 

0. 0000 

0.  726 

HOURS 

0.7  69 

0.  635 

1 .49  5 

HOURS 

1.366 

HOURS 

1.490 

HOURS 

2.4  06 

HOURS 

3.7  50 

HOURS 

AVE/wACE  KIT  USE  PEu  FIELD  rEPAIr: 


KII  NO. 

ON  AIRCRAFT 

OFF  AIRCRAFT 

1 

0.004 

0.000 

2 

0.000 

0.000 

3 

0.  1  73 

1.000 

4 

0.613 

-0.000 

5 

0.  1  32 

0.000 

95TM  PERCENTILE  MAXIMUM  REPAIR  TIME  =  2.503  HOURS 
95  TW  PEisCENTILE  MAXIMUM  REPAIR  DOWNTIME  =  2.6W5  HOURS 
95  TW  PERCENTILE  MAXIMUM  DAMAGE  DOWNTIME  =  3.034  HOURS 

SUE VI V ABILITY  FACTOR  =  1.486 


FIELD  KEPAI  RAHLe./ EX  PEND  ABLE  DES 

TOTAL  DAMAGE  EVENTS  I M  SAMPLE  = 

FRACTION  DAMAGED  5 EM f  TO  DEPOT  = 

FRACTION  DAMAGED  REPAIRED  DM  AIRCRAFT  = 

FRACTION  DMGD  •  KPRD.  OFF  A/C  IT  FIELD  = 

FRACTION  DAMAGED  SCRAPPED  IN  FIELD  = 

FRACTION  DAMAGED  KEPAI  ;-;ED  AT  DEPOT  = 

FRACTION  DAMAGED  SCkAPPEU  AT  DEPD  T  = 

MEAN  ADHESIVE  CUKE  TIME  FDK  ALL  kPrS  .  = 
ON- AIRCRAFT  REPAIR  ACTIVE  MMH  = 

OFF- AIRCRAF T  FIELD  REPAIR  ACTIVE  MMH  = 
3N- AIRCRAFT  REPAIR  Ml  Tk  = 

OFF- AI  K CRAFT  FIELD  kEPAI  K  M  T1R  = 

MEAN  ACTIVE  MAINTENANCE  TIME  = 

MEAN  CORRECTIVE  MAINTENANCE  UCcN TIME  = 
ELAPoED  l  I  ME  TO  KF.M ’VE,  REPLACE,  ETC.  = 

AVERAGE  KIT  USE  PER  FIELD  REPAIR: 


KIT  NO. 

ON  AIRCRAFT 

OFF  AIRCRAFT 

1 

0.000 

0.  000 

3 

0.000 

0.  000 

3 

0.33  5 

1.000 

4 

0.514 

-0.000 

5 

0.  1  49 

0.000 

95M  PERCENTILE  MAXIMUM  ivEPAIR  TIME 

95  TH  PERCENTILE  MAXIMUM  REPAIR  DOWNTIME 

95TH  PERCENTILE  MAXIMUM  DAMAGE  DOWNTIME 

SUKVI VAPILI TT  FACTiJR  =  1.765 


IGNs  11  .5  13 

4153.5 

0. 0000 
0.4304 
0. OP 6 3 
0. 5431 
0.0000 
0. oooo 

0.735  HOURS 
0.  TOO 
0.635 

1.535  HOURS 
1.366  HOURS 
1.516  HOURS 
3.793  HOUR'S 
3.730  HOURS 


=  3.351  TO  URS 

=  3.347  HOURS 

-  3.36'H  HOURS 
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Fi./h  ALONE  DEClliNii  11  t  1 2  NO  CJMMAT  damage 

I  '  T  AL  DAMAGE  !•:  v.'  i:  JIT 


F. .AC  i  I  ON 
F. .  AC  T  I  "■  \* 
Ft  i  AC  T I  J  N 
f.sAc  no\» 
F..Acn  :m 
Fa AC 1IJJ 


DAMAGED 
DA  LACED 
DM  CD  •  i  i  i 
DAMAGED 
JAM AC  CO 
DA'iACEJ 


ME  A '!  ADM  F.  Cl  vE  C’J. 
.)N- Al  i.C.  .AF  t  ,;ErAI 
VF-AIMCHAFT  FI  !_i 
CN-AI  cCVArl  ..CPA] 
JFF  -  A I  ;‘C.:  AF!  FI  EL 
MEAN  AC  II  OF  ''AIM  l 
ME  A  J  C  Ci.  a' EC  l  WE  . 

elap.led  n  i  :k  it;  i 


JIT  IM  0 AMPLE 

= 

3323. j 

LENT  10  DEPOT 

- 

0. 0000 

liEPAI  F.ED  ON  A I  ACT.  AF  f 

0.0307 

O.L).  OFF  A/C  IN  FIELD 

= 

0. 0312 

-CHAPPED  IN  FIELD 

= 

0. 330  1 

.-.EPAIaEU  Al  DEPOT 

= 

0. 0000 

CC.-.APPED  AT  0EP3  J' 

0.0000 

ml  i'  I  Mb)  FCm  ALL  CPaC. 

= 

0.733 

H  ‘j  U  i  s'  3 

[a  AC  i  I  v'E  MUM 

= 

0 . 7  09 
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n.  oon 

0.93 

0.93 

1.76 

1.76 

1 

7.  4 

37.0 

o.ooo  1.000 

0.  90  9 

0.000 

7.  7 

6.0 

0.000  1.000 

0.  900 

0.000 

7.  * 

12.0 

0.000  i.ooo 

o.  non 

o.ooo 

7.  * 

5.0 

0.000  1.000 

0.000 

0.000 

7.10 

4.0 

0.500  0.  500 

o.  ooo 

9.000 

0.  ’3 

0.73 

1.60 

1.60 

4 

7.11 

1.0 

o.ono  1.000 

0.090 

0.900 

7.12 

4.0 

1.000  0.000 

0.090 

n.900 

0.20 

0.20 

1.33 

1.33 

0 

4.  1 

2.0 

0.000  1.090 

0.000 

0.000 

4.  2 

26.0 

o.ono  i.ooo 

O.'JOO 

0.000 

4.  3 

1.0 

1.000  0.000 

0.000 

o.ono 

0.93 

0.93 

1.74 

1.76 

1 

4.  4 

1.0 

i.ooo  o.ono 

0.  900 

0.  ooo 

0.20 

0.20 

1.33 

1.33 

0 

4.  1 

247,0 

1.009  0.000 

0.  non 

0.  000 

0.73 

0.73 

1.44 

1.49 

3 

9.  2 

270.0 

I.ono  0.000 

O.nno 

0.000 

0.43 

0.43 

1.35 

1.35 

5 

9.  3 

1.0 

l.lW)  0.000 

o.ooo 

0.000 

0.63 

0.63 

1.34 

1.31 

3 

9.  4 

15.0 

0.000  o.ooo 

0.  ooo 

0.  ooo 

0.73 

0.73 

1.44 

1.41 

3 

9.  5 

71.0 

0.000  0. 751 

n.  nnn 

0.  ooo 

0.63 

0.63 

1.34 

1.31 

3 

9.  4 

11.0 

1.000  0.000 

0.  onrj 

0.  9190 

0  .64 

0.61 

1.22 

1.22 

9.  7 

5.0 

0.099  0.600 

0.000 

0.000 

0*  <»0 

0.60 

0.74 

0.  76 

3 

9.  4 

3.0 

0. 300  0.000 

9.099 

O.ooo 

0.7  3 

0.73 

1.44 

1.41 

3 

9.  4 

1.0 

I.ooo  0.000 

o.oon 

o.ooo 

0.43 

0.43 

1.35 

1.35 

4 

9.  10 

2.0 

o.ono  o.ono 

o.ooo 

O.  000 

0.73 

0.73 

1.31 

1  .31 

3 

9.11 

1.0 

I.ono  0.000 

0.  900 

o.ono 

0.20 

0.20 

1 .33 

1.33 

0 

10.  1 

4.0 

l . ooo  o.ooo 

O.t  00 

O.noo 

O.fH 

0.01 

0.04 

0.04 

0 

II.  1 

8.0 

1.000  0.000 

rt.noo 

o.oco 

0.73 

0.73 

1.43 

1 . 4  9 

3 

It.  2 

3.0 

i.ooo  o.no" 

n.  non 

n.  noo 

0.43 

0.43 

1.35 

1.35 

5 

II.  3 

2.0 

0.000  1.000 

n.  "no 

o.  noo 

11.  4 

1 .  3 

1.000  o.ooo 

0.  n  no 

0.000 

0.20 

0.20 

1.33 

1.33 

0 

12.  1 

733.0 

O.ono  1  .  JO.) 

0.  "90 

0.090 

13.  1 

341.0 

9. non  i.ooo 

0.  900 

0.090 

13.  2 

213.  * 

J , n-n  0. OOO 

9  •  9 

" ,  r>r*n 

1. 36 

f.94 

2.03 

2.0? 

4 

13.  3 

199,0 

I.ooo  o.ono 

0.  "00 

0.000 

1.36 

1.36 

2.03 

2.03 

4 

13.  4 

91.0 

o.n"o  i.ono 

9.  .'  99 

0.  009 

13.  5 

3.0 

1.000  0.090 

O.  "99 

n.ooo 

0.93 

0.93 

1.76 

1.76 

1 

13.  4 

33.0 

0.000  1.000 

o.  •'no 

n.  ooo 

13.  7 

6.0 

.n.ono  1.00.9 

n.  r.90 

o.ooo 

13.  4 

1  1 .0 

o.nv)  i.ono 

0.  109 

0.000 

13.  9 

4.0 

9.990  1 . °no 

0.  ono 

o.ooo 

13. 10 

2-0 

0.500  1.500 

0.  nno 

0.000 

0.93 

0.93 

1.60 

1.60 

4 

13.  1  1 

4.0 

o.o%9  i.ono 

0.  090 

0.009 

13.12 

3.0 

1 .ooo  n.ono 

0.  099 

o.ooo 

0.20 

0.20 

1.33 

1.33 

0 
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FIELD  KEPAI K ABLE/ EXPENDABLE  DEi 

TOTAL  DAMAGE  EVENTS  IN  SAMPLE  = 

FRACTION  DAMAGED  SENT  TO  DEPOT  = 
FRACTION  DAMAGED  KEPAI RED  CN  AIRCRAFT  = 
FRACTION  DMGD •  KPKD.  OFF  A/C  IN  FIELD  = 
FRACTION  DAMAGED  SCRAPPED  IN  FIELD  = 
FRACTION  DAMAGED  REPAIRED  AT  DEPOT  = 
FRACTION  DAMAGED  SCRAPPED  AT  DEPOT  = 

MEAN  ADHESIVE  CURE  TIME  FOR  ALL  RPKb.  = 
ON- AIRCRAFT  REPAIR  ACTIVE  MMH  = 
OFF-AIRCRAFT  FIELD  REPAIR  ACTIVE  MMH  = 
ON- AIRCRAFT  REPAIR  MTTr  = 
OFF- AIRCRAFT  FIELD  REPAIR  Ml TR  = 
MEAN  ACTIVE  MAINTENANCE  TIME  = 
MEAN  CORRECTIVE  MAINTENANCE  DOWNTIME  = 
ELAPSED  TIME  TO  REMOVE,  REPLACE,  ETC.  = 


AVERAGE 

KIT  USE  PER 

FIELD  REPAIR! 

KIT  NO. 

ON  AIRCRAFT 

OFF  AIRCRAFT 

1 

0.005 

0.000 

2 

0.000 

0.000 

3 

0.  1  19 

1.000 

4 

0.693 

0.000 

5 

0.169 

0.000 

95TH  PERCENTILE  MAXIMUM  REPAIR  TIME 
95TM  PERCENTILE  MAXIMUM  KEPAI  K  DOWNTIME 
95TH  PERCENTILE  MAXIMUM  DAMAGE  DOWNTIME 

SURVIVABILITY  FACTOR  =  1.290 


I GNS  3  &  5 

5630.0 

0.0000 
0.6923 
0. 0066 
0.5023 
0. 0000 
0.0000 

0.726  HOURS 
0.37  5 
0.703 

1.59  9  HOURS 
1.397  HOURS 
1.593  HOURS 
2.690  HOURS 
3.750  HOURS 


=  2.774  HOURS 

=  3.013  HOURS 

=  3.373  HOURS 
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FR/E  BLADE  DELI  GNS  3  A  5  *****  NO 

TOTAL  DAMAGE  EVENTS  IN  SAMPLE  = 

FRACTION  DAMAGED  SENT  TO  DEPOT  = 
FRACTION  DAMAGED  REPAIRED  ON  AIRCRAFT  = 
FRACTION  DMGD .  RPRD.  OFF  A/C  IN  FIELD  = 
FRACTION  DAMAGED  SCRAPPED  IN  FIELD  = 
FRACTION  DAMAGED  REPAIRED  AT  DEPOT  = 
FRACTION  DAMAGED  SCRAPPED  AT  DEPOT  = 

MEAN  ADHESIVE  CURE  TIME  FOR  ALL  KPRS.  = 
ON-AIRCRAFT  REPAIR  ACTIVE  MMH  = 
OFF- AIRCRAFT  FIELD  REPAIR  ACTIVE  MMH  = 
ON- AIRCRAFT  REPAIR  MTTR  = 
OFF- AIRCRAFT  FIELD  REPAIR  MTTR  = 
MEAN  ACTIVE  MAINTENANCE  TIME  = 
MEAN  CORRECTIVE  MAINTENANCE  DOWNTIME  = 
ELAPSED  TIME  TO  REMOVE,  REPLACE,  ETC.  = 


AVERAGE  KIT  USE  PER  FIELD  REPAIR: 
KIT  NO.  ON  AIRCRAFT  OFF  AIRCRAFT 


1 

0.005 

0.000 

2 

0.000 

0.000 

3 

0.  139 

1.000 

4 

0.651 

0.000 

5 

0.  197 

0.000 

95  TH 

PERCENTILE 

MAXIMUM  repair 

TIME 

95TH 

PERCENTILE 

maximum  repair 

DOWNTIME 

95TH 

PERCENTILE 

MAXIMUM  DAMAGE 

DOWNTIME 

SURVIVABILITY  FACTOR  =  1 . 543 


Combat  damage 

4736.0 

0.0000 

0.5065 

0.0053 

0.4332 

0.0000 

0.0000 

0.732  HOURS 

0.797 

0.7  03 

1.529  HOURS 
1.397  HOURS 
1.528  HOURS 
2.625  HOURS 
3.750  HOURS 


=  2.662  HOURS 

=  2.712  HOURS 

=  3.204  HOURS 
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FIELD  REPAIR ABLE/ EXPENDABLE  DESIGNS  A  &  6 


TOTAL  DAMAGE  EVENTS  IN  SAMPLE  =  5715.0 

FRACTION  DAMAGED  SENT  TO  DEPOT  =  0.0000 

FRACTION  DAMAGED  REPAIRED  ON  AIRCRAFT  =  0.5106 

FRACTION  UMGD.  RPRD .  OFF  A/C  IN  FIELD  =  0.0044 

FRACTION  DAMAGED  SCRAPPED  IN  FIELD  =  0.4350 

FRACTION  DAMAGED  REPAIRED  AT  DEPOT  =  0.0000 

FRACTION  DAMAGED  SCRAPPED  AT  DEPOT  =  0.0000 

MEAN  ADHESIVE  CURE  TIME  FOR  ALL  RPRS.  =  0.723  HOURS 

ON-AIRCRAFT  kEPAIR  ACTIVE  MMH  =  0.377 

OFF- AIRCRAFT  FIELD  REPAIR  ACTIVE  MMH  =  0.7  03 

ON- AIRCRAFT  REPAIR  MTTR  =  1.601  HOURS 

OFF- AI  RCP.AF  f  FIELD  REPAIR  MTTR  =  1.397  HOJKS 

MEAN  ACTIVE  MAINTENANCE  TIME  =  1.599  HOURS 

MEAN  CORRECTIVE  MAINTENANCE  DOWNTIME  =  2.653  HOURS 

ELAPSED  TIME  TO  REMOVE,  REPLACE,  ETC.  =  3.750  HOURS 

AVERAGE  KIT  USE  PER  FIELD  REPAIR: 


KIT  NO. 

ON  AIRCRAFT 

OFF  AIRCRAFT 

1 

0.005 

0.  000 

2 

0.000 

0.000 

3 

0.105 

1.000 

4 

0.7  10 

0.  000 

5 

0.171 

0.000 

95 TM  PERCENTILE  MAXIMUM  REPAIR  TIME  =  2.982  HOURS 
95 TH  PERCENTILE  MAXIMUM  REPAIR  DOWNTIME  =  3.025  HOURS 
95TH  PERCENTILE  MAXIMUM  DAMAGE  DOWNTIME  =  3.364  HOURS 

SURVIVABILITY  FACTOR  =  1.232 
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'  frv  'i  fW,'!1 '  ■  ’  ~ 


FR/E  BLADE  DESIGNS  4  4  6  mn  N0 

TOTAL  DAMAGE  EVENTS  IN  SAMPLE  = 

FRACTION  DAMAGED  SENT  T0  DEPOT  = 
FRACTION  DAMAGED  REPAIRED  ON  AIRCRAFT  = 
FRACTION  DMGD.  KPRD.  OFF  A/C  IN  FIELD  * 
FRACTION  DAMAGED  SCRAPPED  IN  FIELD  = 
FRACTION  DAMAGED  REPAIRED  AT  DEPOT  = 
FRACTION  DAMAGED  SCRAPPED  AT  DEPOT  = 

MEAN  ADHESIVE  CURE  TIME  FOR  ALL  KPKS.  = 
ON- AIRCRAFT  REPAIR  ACTIVE  MMH  = 
OFF- AIRCRAFT  FIELD  REPAIR  ACTIVE  MMH  * 
ON- AIRCRAFT  REPAIR  MTTR  = 
OFF- AIRCRAFT  FIELD  REPAIR  MTTR  = 
MEAN  ACTIVE  MAINTENANCE  TIME  = 
MEAN  CORRECTIVE  MAINTENANCE  DOWNTIME  = 
ELAPSED  TIME  TO  REMOVE#  REPLACE#  ETC.  = 


AVERAGE 

KIT  USE  PER 

FIELD  REPAIRS 

KI T  NO. 

ON  AIRCRAFT 

OFF  AIRCRAFT 

1 

0.004 

0.000 

n 

0.000 

0.000 

3 

0.123 

1.000 

4 

0.664 

0.000 

5 

0.200 

0.  000 

95TH  PERCENTILE  MAXIMUM  REPAIR  TIME 
95TH  PERCENTILE  MAXIMUM  REPAIR  DORNTIME 
95  TH  PERCENTILE  MAXIMUM  DAMAGE  DG.-.NTIME 

SURVIVABILITY  FACTOR  =  1.530 


COMBAT  DAMAGE 

479  1.0 

0.0000 

0.5216 

0.0052 

0.4732 

0.0000 

0.0000 

0.731  HOURS 

0.793 

0.7  OB 

1.530  HOURS 
1.397  HOURS 
1.529  HOURS 
2.592  HOURS 
3.750  HOURS 


=  2.669  HOURS 

=  2.717  HOURS 

=  3.  192  HOURS 
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damage  CAirr.nu:*  irirLO 
IKK  ff  DAMI.C 

INMMMT  CAibES 
I.  I  OELAMlNAflD 


W3MV  3VERMEC 
CAir.„’«AL  CAJjCS 
ocntcu 


pact^d/t:*! 


•ixr/otsroHrco 


NICN£0/SC*AfC*<CU 


LCOSE/aISSInG 

AfMADEO 


JVC  ITKESSE3 

cj-^at  ca:i:s 

RAFFLE  DAMAGE 


►  CAAlHAALf /KHl  VOAM  OCSICNS  T  A  All 

conpuncvi 

AAlASirS  JNCATH 

SPM 

ININ 

f.  C.  SPLINl' 

VK|M  FAN 

mar  ouunu.i  b 

•11  P/DRAG  KWAUA 

OMP  PAD 

MJfF  ClCb'JnC 

TIP  CL»iU«t 

SPAa 

SHIN 

F.  C.  SPLINE 
Twin  lAr. 

ROOT  DOUBLE** 

Grt|P/0<AG  rLAlCb 
GRIP  PAD 

GMP/ONAC  PJSMINGS 

N03T  CtJi Jt 

IIP  ctou.a 

•331  CAP 

TIP  CAP 

SPAA 

f.  c.  ipluc 

TRIP  FAB 
•03 F  DJulLMS 
CRIP/ CM  AG  PLATES 
GMI P  PAD 

OR!P/£MAG  &JHMGS 

mar  tLObjrc 

At J  T  CAP 
IIP  CAP 

ABKAbUN  S*tATM 

SPAA 

IIP  CAP 

G*tr/0/<A6  IJUMG* 

SPA* 

mv 

ct«c 

f.  C.  SPLINE 
I  AM  FA* 
k:;f  OCUHEBS 
CR I  P/OB AG  PLATES 

•2:r  clcgjae 

IIP  CLCiJ'.E 
PJJT  CAP 

F IP  CAP 

AI. .ASU.4  LltAM 

•PAP 

KM 

CMC 

I •  C.  SPLINE 
f AM  FAD 
H3JF  00 J  4. CAS 
•A  I  P/OR  AO  PLATO 
•A IP  PAD 
B30F  CLCS^e 
IIP  CLUJnC 
ROOT  CAP 
IIP  CAP 
SPA3 

I.  C.  SPLMC 
T*M  TAP 
FIP  CAP 

AViAMO.N  L4EATA 
SPA\ 

SAIN 

T.  (.  SPLMC 
Fain  Tar 
R30F  OBjAlCnS 
S*l P/OfiAC  PLATES 
CRIP  PAO 

Sn I  P/D*AG  AjbHINCS 

II23F  CLOiJKC 

TIP  CLOS-inC 

SCOT  CAP 

FIP  CAP 

UP  CAP 

AtftASfCN  ME  ATM 

SPAA 

Skin 

FOOT  DtO«LCAS 
UP  CAP 
TOTAL  BLAOE 

AnPASItN  >MEAH 

SPAR 

«N|N 

COKE 

I.  c.  SPLINE 
THIH  FAR 
RJCT  DJJfiLEnS 
C*l  P/tiK  AG  PLATO 

G. <IP  PA3 
••'OF  CL3.*J*C 
FIP  CLJb^r  E 
IP'F  CAP 
UP  CAP 
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mu)  ot;n  n  i  «  « 


fHACItOlM.  Of  SfVSt  11)47 


*jnn*!a  C4*AC 

f  1  -LU 

Uf  >*3  f 

Utr*)f 

*41 

nr  1  h 

XI 

IIC1 

*CCU.<$  *F>»« 

S  i V  A  *• 

#i*VM 

7CitA<* 

34-r.c 

Off -A 

IM-AC 

Off -A 

HO 

1.  1 

14.0  1.001 

O.'-.IO 

n.noo 

ft  •*)•»«) 

1).  49 

9.40 

1.14 

1.74 

2 

1.  ? 

31.0  l.ft'J  « 

l.roo 

).0*9 

9.0)0 

1.  3 

312.0  !.T»> 

1.010 

o.n.io 

0.009 

d.  to 

0.13 

1.40 

1**40 

4 

1.  « 

71.0  n.n*W) 

i.ro 

0.033 

o.0i‘0 

1.  ft 

3.o  j.om 

1.303 

0.009 

0.970 

1.  7 

4.0  o.o-n 

1.0)1 

0.0*3 

0.090 

1.  * 

3.0  0.0*)') 

1.  r> ) 

0.033 

0.90  ) 

1.  9 

4.0  9.U>9 

1  .  0  It) 

0.000 

3*  OUO 

1.  10 

4.0  o.in 

1. (■()') 

0.000 

0.030 

2,  ^ 

3.0  0.000 

i  .mo 

0.900 

0.099 

2.  2 

22*. 0  1*010 

0.000 

0.030 

0.  790 

0.43 

0.43 

I.3S 

1.3$ 

$ 

t.  3 

41.0  0.000 

l.mo 

0.033 

0.300 

2.  4 

1.0  1.007 

0.000 

0.000 

9.030 

0.73 

0.93 

1.74 

1.74 

1 

3.0  0.0)0 

1.1)0 

*.0*9 

C.  009 

2%  * 

3.0  o.o  n 

i.no  i 

0.900 

0.000 

2.  7 

7.9  0.000 

1.000 

3.000 

0.090 

»•  1 

|.0  0.007 

1 .  *0  ) 

0.300 

9.003 

«•  > 

2.0  0.000 

1 .001) 

3.000 

O.G  )) 

2.  10 

2.0  3.700 

0.  >31 

0.009 

0.300 

0.43 

0.43 

1.3$ 

1.3$ 

$ 

C.ll 

1.0  0.030 

1.071 

9.000 

9,3)0 

2.12 

1.0  1.0,) 

3.071 

n.  ico 

0.  JOO 

0.2) 

0.20 

1.33 

1.33 

0 

3.  1 

137.0  1.000 

0.0  70 

0.  109 

0.090 

0.4) 

0.43 

I.3i 

1.31 

3 

3.  a 

•2.0  1.000 

0.007 

0.900 

0.011 

0.43 

0.43 

1.31 

l.3< 

3 

3.  3 

1.0  1.003 

o.m-i 

9.030 

n.ioo 

0.  73 

0.43 

1.31 

1.34 

3 

3.  4 

2.0  0.009 

1.900 

0.000 

0.0.13 

3.  9 

72.0  0.00) 

0.*99 

9.900 

0.099 

0.7) 

0.43 

1.31 

1.31 

3 

3.  4 

4.0  0.007 

0.010 

o.-5oo 

0.00c* 

0*40 

0.40 

0.74 

0.74 

3 

3.  7 

3.0  0.00) 

1.031 

0.900 

0.330 

3.  4 

2*0  0.00) 

1.030 

0.900 

0.310 

3.  4 

2.0  0.0)7 

0.  V>) 

0.9*0 

0.009 

>.73 

9.43 

1.74 

1.74 

3 

3.10 

2.P  1.000 

3.010 

o.aoo 

a.'M* 

0.31 

0.31 

1.34 

1.34 

3 

4.  1 

12.0  1.000 

0.  100 

o.ooo 

3.090 

0.43 

0.43 

1.74 

1.74 

a 

4.  a 

113.0  1.003 

0.4  1  t 

9.093 

0.990 

0*»3 

0.43 

1.31 

1.31 

3 

4.  3 

1.0  i.ooo 

0.010 

0.000 

0.00) 

0.41 

0.41 

1.3$ 

1.3$ 

3 

S.  1 

107.0  O.o* o 

1.  '01 

0.001 

9.003 

4.  9 

447.0  1.0*1 

ft.  00.1 

0.0  )0 

0.9  1.1 

0*73 

0.13 

1.40 

1.40 

4 

4.  3 

410.0  l.*09 

0.  101 

n.noo 

0.  mo 

0.  »3 

0.93 

1.40 

1.40 

4 

4.  4 

174.0  0.343 

a. 407 

0. 0"9 

*.*00 

0.39 

0.20 

0.71 

0.71 

0 

4.  S 

4.0  1.01 

3.0  CO 

0.3  OQ 

0.  no 

0.  » 3 

9.93 

1.74 

1.74 

1 

4#  4 

171.0  0.01* 

1.000 

0.000 

0.300 

«•  T 

70.0  0.<)O0 

1.000 

0.0*0 

*.090 

4.  4 

«O.0  0.000 

1  •  111 

3.300 

0.939 

4.  t 

2.0  0.007 

1.311 

ft.  *01 

*.3** 

4. in 

3.0  1.*19 

l.r  1 1 

0.0-10 

1.310 

4.11 

S.O  ••1**0 

3.00  > 

0.900 

0.0  ii> 

0.29 

0.29 

1.33 

1.33 

0 

7.  4 

41.0  t. *00 

1.  W, 

0.900 

0.090 

0.49 

0.49 

1.74 

1.7 

9 

7.  2 

247.0  9.000 

l.ono 

ft.  79  3 

9.990 

7.  3 

244.0  1.000 

0.010 

O.  730 

3.300 

9.  >3 

0.  >3 

1.40 

1.63 

4 

1.  4 

277.0  1.000 

o.om 
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FIELD  REPAIRAnLE/E/.PENUAPLE  DLL  I  GNS  7  &  3 


TOTAL  DAMAGE  EVENTS  IN  SAMPLE 


39  19.0 


FRACTION  DAMAGED  SENT  TO  DEHO  1' 
FRACTION  DAMAGED  REPAIRED  UN  AIRCRAFT 
FRACTION  DMGD.  KPKO.  OFF  A/C  IN  FIELD 
FRACTION  DAMAGED  SCRAPPED  IN  FIELD 
FRACTION  DAMAGED  kEPAI  RED  AT  DEPOT 
FRACTION  DAMAGED  SCRAPPED  AT  DEPOT 


0.0000 
0.6003 
0. 0136 
0.33  t  1 
0. 0000 
0.0000 


MEAN  ADHES I  VE  CURE  TIME  FOP  ALL  KPR'E. 

ON- AIRCRAFT  REPAIR  ACTIVE  MMH 

OFF - AI KCKAF T  FIELD  KEPAI K  ACTIVE  MMH 

ON- AIRCRAFT  REPAIR  MTTK 

OFF- AI RCKAr  f  FIELD  REPAIR  MTTK 

MEAN  ACTIVE  MAINTENANCE  TIME 

MEAN  CORRECTIVE  MAINTENANCE  DO UN  T I  ME 

ELAPSED  TIME  TO  REMOVE#  REPLACE#  ETC. 


0.737  HOURS 

0.847 

0.635 

1.334  HOURS 
1.366  HOURS 
1.573  HO 'Jr, 3 
2.450  HOURS 
3.750  HOURS 


AVERAGE  KIT  USE  PER  FIELD  REPAIR: 
KIT  NO.  ON  AIRCRAFT  OFF  AIRCRAFT 


1  0.004  0.000 

2  0.045  0.000 

3  0.123  1.000 

4  0.650  -0.000 

5  0.151  0.000 


95 TH  PERCENT  I LE 
95TW  PERCENT  I LE 
95 TH  PERCENTILE 


MAXIMUM  REPAIR  TIME 
MAXIMUM  REPAIR  DOWNTIME 
MAXIMUM  DAMAGE  DOWNTIME 


2.316  HOURS 
2.976  HOURS 
3.213  HOURS 


SURVIVABILITY  FACTOR  =  1.233 
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F.-/E  RLADS  Dl-R  ICN3  7  *  i  i-  U***  NU  COMBAT  DAMAGE 


I- 3  I-  AL  DAMAGE  EVENTS  IN  SAMPLE  =  4996.0 

FRACTION  DAMAGED  SENT  TO  DEPOT  =  0.0000 

FRACTION  DAMAGED  REPAIRED  ON  AI.. CRAFT  =  0.6013 

FRACTION  D.lGl) •  RlV.D.  OFF  A/C  IN  FIELD  =  0.0*220 

FRACTION  DAMAGED  SCRAPPED  IN  FIELD  =  0.3767 

Ft. ACTION  DAMAGED  REPAIRED  At  DGP.,1'  =  0.0000 

Fa  AC  t  I  ;N  DAMAGED  SCRAPPED  AT  DRi’T  =  0.0000 


■i.'.AN  AD  Hu  T  CJrE 

TI  IE  ALL  RPR.D. 

r 

0.  742 

NO  URL 

!- 4I..C..MP1  ..EPAIi. 

ACTIVE  Mill 

= 

0.763 

:ff-ai..c..aft  field 

.\EPAl..  ACilvE  MEM 

- 

0*633 

'  N- AI  : C ; . AF T  REPAIR 

.•IT  Tl! 

= 

1 .303 

10  U.  .3 

:FF- AIRCRAFT  FIELD 

ivF.t  AI..  /A'ii. 

= 

1.366 

1  u  U  i 

.•IE AN  ACTIVE  MAIN1R1 

A  1C  3  TIME 

1 . 303 

Hu  Jr  .3 

i  \ A N  C'...-.ECTIvE  MAI 

X  T  EN  AM  CE  DO.;  HI  lie 

= 

2.402 

HOURS 

ELAPSED  TIME  T’.J  RE.i 

i  ;  V  r  i  i.EPL'tCEj  E  i  C . 

= 

3.730 

10JRS 

Av  Ek  AGE 
Mil  40 . 

1 

«  .. 

3 

•'i 

3 


KI  1  Uu£ 

PER  FIELD  rEPAIk: 

ON  AIRC. 

RAFT  OFF  AI-.C..  Vi 

0.  004 

0.000 

0.040 

0.  000 

0.131 

1.000 

0.  6  02 

-0.000 

0.17  5 

0. 000 

>311  <  Ei  .CE  1  T  I  LE  MA<I  '-JR  REPAIR  TIME 
?dTW  PERCENTILE  MVIIMJR  r.EPAIK  DOv.N  TIME 
9  STM  PE.. CENT  I  LE  MARIMJM  DAMAGE  DO  LN  TIME 


3.3  04  -IGUuS 
2.6  53  NwLIRS 
3.02?  MOURE 


dURVIVAOILIT T  FACTOa  =  1.467 
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APPENDIX  VI 

MAINTENANCE  ACTIONS  AND  TIMES 


Predicted  Maintenance  Actions/MTTR  For 
Field  Repairable/Expendable  Blade  Designs 


MTTR  (Mean  Time  To  Repair)  =  The  total  corrective  maintenance 
time  divided  by  the  total  number  of  corrective  maintenance 
actions  during  a  given  period  of  time.  This  includes  curing 
and  drying  times. 

PMMH  (Productive  Maintenance  Man-Hours)  =  The  element  of 
maintenance  time  during  which  a  discrepancy  is  corrected  by 
repairing  in  place  or  removing  and  replacing  with  a  like 
serviceable  item.  This  excludes  curing  and  drying  times. 

Type  Actions 

A  =  Acceptable  as  is 

I  =  Install  replacement  detail 

R  =  Repair 

S  =  Scrap  Rotor  Blade 


The  predicted  maintenance  actions  for  the  four  basic  concepts 
are  presented  in  Tables  XXII  and  XXIII.  The  anticipated  mean 
repair  times  are  presented  in  Table  XXIV. 


TABLE  XXII.  PREDICTED  MAINTENANCE  ACTIONS/MTTR ,  CONCEPTS  1  AND 
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TABLE  XXII  -  Continued 
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TAELE  XXH  -  Continued 
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TABLE  XXII  -  Continued 
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Repair  kit 
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TABLE  XXIV.  FIELD-REPAIRABLE/EXPENDABLE  ROTOR 

BLADE  (PRELIMINARY  MEAN  REPAIR  TIMES) 

Repair  Procedure 

Mean  Repair  Time 
(Man  -Hours) 

No. 

Standard  Repair  Procedure 

Active 

Elasped 

Repair 

Time 

Paint/ 
Primer 
Solvent 
Dry  Time 

Adhesive 

Cure 

Time  *  * 

Total 

Elasped 

Repair 

Time 

1  * 

Patch/plug  repair  of  skin/core 
area . 

1.16 

1.50 

.50 

3.16 

2  * 

Patch/plug  repair  of  large  skin/ 
core  area  -  penetration  of  upper 
i  lower  skin  surfaces. 

1.61 

1.50 

.50 

3.61 

3* 

Patch  repair  of  fiberglass  skin 

.58 

1.50 

.50 

2.58 

4 

Mechanical  straightening 

.38 

1.50 

1.88 

5 

Blend  repair  of  aluminum 

.63 

1.83 

2.46 

6 

Polish  repair  of  steel  blemishes 

.60 

.16 

.76 

7 

Blend  repair  of  steel 

73 

1.83 

2.56 

8 

Replacement  of  abrasion  sheath 

.60 

.16 

2.00 

2.76 

9 

Replacement  of  trim  tab 

.93 

1.50 

.50 

2.93 

10 

Replacement  of  tip  cap 

.33 

1.00 

1.33 

* 

Mean  Repair  Times  based  on  repair 
procedures  using  nalgene  hand- 
operated  vacuum  pump. 

** 

- 

Adhesive  curing  by  heating  unit 
for  all  procedures  except  No.  8. 
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Field-Repairable/Expendable  Main 
Rotor  Blade  Repair  Kits  and 
Equipment  List 


Kit  No, 


Kit  Description 


1 

2 

3 

4 

5 


Trim  tab  replacement  kit 

Abrasion  sheath  replacement  kit 

Blending/polishing  metal  repair 
kit 

Core/skin  plug-patch  repair  kit 
Skin  patch  kit 


Tables  XXV  and  XXVI  present  the  repair  kit  contents  and 
associated  equipment. 
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TABLE  XXV.  REPAIR  KIT  CONTENTS 


<N 


fM  <N 


O 


Masking  tape  roll,  1  in.  wide 


TABLE  XXV  -  Continued 
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tape  2  in.  wide  (Qty  in  ft) 


TAELE  \'\v  -  Con^-i-uc 


934  is  preferable  to  metalset; 
are  acceptable. 


TABLE  XXVI.  EQUIPMENT  LIST,  BLADE  REPAIR 


Wooden  backup  block 


appendix  VII 

LIFE -CYCLE  COST  ANALYSIS 


This  appendix  presents  the  computer 
output  for  the  computation  of  life- 
cycie  costs  for  the  current  blade  and 
for  each  of  the  design  concepts. 

M?BF',PLrarnJterS'uWhere  not  ^n,  are 
annF  ,based  °n  the  current  blade  at 

o?  2500  i00°  h°UrS'  ^  3  fatigue 
onno  00  bours*  Fatigue  lives  of  isnn 

2°00,  and  3000  hours  were  also  used  to 
variation.  e"6Ct  °f  ■“*«» 
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j&i 


iSusmtUk 
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HELICCPIEK  LIFL-C7CLE  BLADE  COSTS 


cur  i  uh-  1*1  ::km 


NEC  fLAOE  ‘..ICE 

MEAN  it  ME  B27V.R.-.  N  FAIL'D:. El 

FIELD  KLVAIh/i  -I LI  »  ( 


-  t  a ooo 

=  600.0  S!.;U*2  H'DU. 

12.  A  CENT 


MEAN  TIME  BET..E2N  MAI  N I LNARCE  ACTISNS  CPL.AOE  ‘IjSRN,): 

i\ta.FLAC.,  .R.  t  -  -  /  3  9 . . 6 

H Eii OVALS  r  ;.:  REPAI.-.  Cg  .-.2 '"L  ACEXEN 1  =  031.7 

REPAIRS  -  2720.0 

DAMAGE  LACE  1c.  :r_  =  76?. -1 

U.'ISCUSDvL ,.M  :i.;  ja.ic.%  =  coo.o 

OCHEDJLI-  ,:AI  2...R.C-'  C ..£ f I.IECEi'J I )  =17000.? 

\LL  FAINTS  4A  ICE  AC  HCNS  =  581.7 

GLADE  EVENTS  PEK  AIRCRAFT  LIFE  CYCLE: 

NUMBER  L JO  T  T :  ATTRI fl  ;  s  1.5  000 

'ICMPS. '.  FATIOJE  RETIRED  UNDAMAGED  =  C.3;>47 

NUMBER  REPAIkSN  0.4  AI.  C.RAFi  =  040000 

•LUMBER  ;'.Er  .'.I  r.iO  OFF  71  i.CRAF f  7;j  FIELD  =  2.06 0? 

NUMBER  ; 'MAPPED  IN  FI  EL  a  =  5.5120 

4  JMBE-.  .0  VIMS)  AO  KETIrEu  I  -i  "IILD  =  0.0462 

NUMBER  i.Ei’.i!  .'.£■)  At'  DE/U  l  *  1 . 6022 

'.UMBER  3J..4PPE0  "sT  )E'A.  i  =  4.  5545 

MJMBER  DAMAN-.  •)  A  ID  7.E1I. .EO  AT  DE.'.,i  =  2.8732 

TOTAL  LULLS. .  SAM-V3ED  7.40  NO  f  /.EPAI..CO  =  12.9969 
TOTAL  NJMED./.  ALL  REPLACEMS  ITS  =  13.5216 


MAIN  LOTS.?  BLADE  COSTS  PER  »it F.CEAFT  LIFE  CYCLE: 

COOT  OF  INITIAL  PP..OC  J.iE  -1EL  t  * 

ME. i  A I /.CRAFT  CJiFirilNG  C.-T  =  3  6000.00 
SPARES  COS  7.  ..ITH  C  0.4  T  AI  MENS  =  2016.00 

SPArfE  PEP  Air.  :l  At  Ei.I  ALi  *  0  0.60 

.REPAIR  SUPPLE r  ‘■'.C'JIPME  41  S  Z  160.00 

TOTAL  INITIAL  PaCCJSEMEM.  COST  s  I  3176.60 

COST  OF  REPLACE'-'  S  4T  BLADES  FOR  TrlCS.E  L.  ..  T  AND  UNSET.  VI CEAELE  (INCLUDING 

3LACE  SHIPPING  A  Alii  CJ  i  T  At  Nr..;  SUPPING  COSTS)  : 

BLADES  LEST  T  ./  AT  T..  I  T I  ’  .’  =  3  4762.50 

DAMAGED  BLADES  ‘10  T  i-.EPAI  2E.)  =  S42COO.  40 

TIME-EKPI RED  J O »Y ■:  AGED  SL  YiJl-.S  =  S  166j.90 

TOTAL  REPLACEMENT  COST  =  S4S423.70 

COST  OF  MAINTENANCE  ACTIONS  CL. ABC. -4  AMD  MATERIAL  To  INSPECT,  REMOVE, 

RCPAI  P.t  F  FPL  AC",  ALIC  !,  AN  J  TRACK): 

FIELD  ?FFA1  .  .  ;  AI.-.C.. AFT  =  ?  0.00 

FIELD  REPAIR  OFF  AI.. CRAFT  =  $  91.30 

FIELD  SCRAP  =  3  193.60 

FIELD  RETIRE  •■F.'IT  =  3  17.10 

DEPOT  aEPAIA  =  S  1  ?  6  4  •  3  0 

DEPOT  SCRAP  =  $  920.00 

DEPOT  RET  I . .E MEN T  =  S  564.10 

TGTAL  MAINTE  JA4CE  COST  =  S  3755.60 


TOTAL  LIFE-CYCLE  BLADE  COST  PER  Air.  CP /AFT  £60,360.90 


MAINTVNCS  MAN-NG JAS/FLI CRT  UDUP 
BLADE-RELATED  AIRCRAFT  DCE'.v'i  I  ME 


0.0313 
93  NCUKS 


HEL T COPTER  LIFE-CYCLE  BLADE  COSTS 


CURRENT  UH-  1:1  i'-IKB 


NEW  BLADE  PRICE  =  T  3000 

ME /VI  TIME  BETSELH  FAILURES  =  >14.0  BLADE  HOURS 

FIELD  XEPMNADILITY  =  12.4  PEKCEN  i 


MEAN  TIME  OFT! EEN  MAINTENANCE  ACTIONS 
REPLACEMENTS 


C  BLADE  HOURS )  1 
=  1033.2 


REMOVALS  FOR  REPAIR  0R  REPLACEMENT 
REPAIRS 

DAMANS  REPLACEMENTS 
UNSCHEDULED  MAINTENANCE 
SCHEDULER  MAIN  TEN  NANCE  ( .  :E  Tl  RE. MEN  f ) 
ALL  MAINTENANCE  ACT  ION- 


327. 3 

4151.1 

1172.1 
9  14.0 

3720.2 
327.3 


BLADE  EVENTS  PEP  AIRCRAFT  LIFE  CYCLEt 
NUMBER  LOST  TO  ATTRITION 
NUMBER  FA1ICJE  HE  II  LED  UNDAMAGED 
NUMBS:?  nEi'AI:  EO  ON  .AI PC.-AFT 
NUMBER  REPAIRED  OFF  AI CRAFT  IN  FIELD 
NUMBER  uCKAPPSD  IN  FIELD 
NUMBER  DA  RAGED  AN  )  ;vET  I  RED  IN  FIELD 
NJiMBER  REPAIRED  AT  DEPOT 
NUMBER  SCi. APi  ED  AT  uEPOT 
NUMBER  DAMAGED  AND  iInEQ  AT  DEPOT 
T0TAL  MUMPER  DAMAGED  AND  NOT  REPAIRED 
TOTAL  NUMBER  ALL  REPLACEMENTS 


1.5000 
1.1463 
0.0000 
1.3529 
3.6223 
0.0304 
N..U36  1 
2j93  73 
1  .  I  394 

3 .  V  3 1  9 
9.6737 


MAIN  r.OTO.R  BLADE  COSTS  PEP  AIRCRAFT  LIFE  CYCLE: 


C0ST  CF  INITIAL  PAOCUREMEN  T : 

ME..  A I PCP  AF  T  OUTFITTING  COST 
SPARES  COST.  LIT  !  CO  JTAINERS 
SPARE  REPAIR  MATERIAL- 
REPAIR  SUPPORT  ECUIi-.MENT 
TOTAL  INITIAL  PROCUREMENT  COOT 


t  6000.00 
S  2016.00 

*  0.40 

3  160.00 

S  3176.40 


CUST  CF  REPLACEMENT  GLADES  FOP  THOSE  LOST  AND  UNSERVICEABLE  {INCLUDING 
BLADE  SHIPPING  AND  CONTAINS.;  SHIPPING  COSTS) » 
rLADES  LOST  TO  ATT!. I  TIGN  =  0  4762.50 

DAMAGED  SLADES  NOT  REPAIRED  =  027126.10 
TIM£-2;<PI;iXD  UNDAMAGED  BLADES  =  3  3641.00 
TOTAL  REPLACEMENT  COST  =  $35529.60 

COST  3F  MAINTENANCE  ACTIONS  (LABOR  AND  MATERIAL  T3  INSPECT.  REMOVE. 
REPAIR,  REPLACE,  ALIGN,  AND  TRACK): 


FIELD 

REPAIR 

ON  AIRCRAFT 

= 

3 

O.OC 

FIELD 

REPAIR 

OFF  AInCKA-1 

= 

i 

6G.  GO 

FIELD 

SCRAP 

C 

£ 

130.40 

FIELD 

RETI..E 

•ENT 

= 

S 

35.30 

DEPOT 

pep  Air. 

- 

S 

1239.50 

DEPOT 

SCRAP 

= 

s 

603.90 

DEPOT 

■;e.nt 

= 

s 

370.30 

TOTAL  MAINTENANCE  COST  =  S  2437.50 


TOTAL  LIFE-CYCLE  "LADE  COST  PEF.  AIRCRAFT  $46,195.40 


MAI  NT  ’ NCE  K.VJ-H3UPS/FLI  G-IT  HOUR  =  0.0220 

BLADE-RELATED  AIRCRAFT  CO. .iJ TIME  =  65  HJURS 


HEL I  COP  r  EJI  LI  FE-C/CLE  BLADE  COSTS 


CJKrENI  JI-IH  MAM  H31JK  OLAUE 


ME..  BLADE  PI,  ICE  =  $  3000 

MEAN  TIMS  Ti  Eli.  E'EN  failjkel  =  lOOO.O  I»LADE  HOUhS 

Ft  ELL)  uEHrtlnAML!  It  -  12.h  I'ErCE  N I 


MEAN 


TIME  BET..EEJ  '  1 A I  ,'J  TEN  A'ICE  AC113NL  (BLADE  HOJKLl! 


REPAIH  ,c.PL ACEMEN  T  = 


HEPLAChMENTS 
KEMOVALS  F. 

HEP A I P.S 

DAMAGE  HEPLACEME.-trS 
J  JEC-tEU  JLr!  )  MAINTENANCE 
SCHEDULED  MAI  NT2.TANCE  < HE T I rEMEN i  ) 
ALL  MAI NIE NANCE  AC  f  I  -J  ^ 


1 09  9  •  * 

335.  A 
4b  A  1  .7 
1232. A 
1000. 0 
7726.3 
sab.  A 


BLADE  EVENTS  i’Ek  AIrCkAFI  LI  EE  CVCLEt 

.NJMAE!.  LOST  .  J  Aflisinaw  * 

NJMREH  FATIGJE  rETIrED  J.N  DAMAGED  a 

NJMBEH  REPAIRED  ON  Al  aC.vAF  T  * 

NJMREH  HEP.' I  i\>.J  OFF  Atr.CHAFT  t  N  FIELD  * 
NJMBEh  LChAPPED  1,1  FIELD  = 

NJMREH  DAMAGED  AID  RETIRED  IN  FIELD  = 
.  JMDEH  REPAIRED  AT  OEi-Mi  = 

NUMBER  wC.-.ApPE  AT  JF.ro  l'  = 

NJMRErt  JAM., LED  A-;J  ..LIMED  AT  DEPOT  r 
TOTAL  NJMrER  DAMAGED  A  ND  NOT  REPAIRED  = 
TOTAL  NjM};L..  ALL  REPLACEMENTS  * 


1  .  SO  Oft 

1  • 2  7  A2 

o.ooon 

1 .2366 
3.3103 
0.0277 
0.9653 
2.7327 
1 . 7269 
7.7732 
7.0724 


MAM  nCTOR  aLAE£  COEIO  PE.,  AIRCRAFT 


LIFE  Cr’CLE t 


COLT  CF  INITIAL  Prv./C  JRE"£N  T  : 

NE*  AtRCRAFl  .  OTFITIMO  CPuT 
SPA. .EL  COST,  .til  CP  N i A I NEHS 
SPAhE  HEPAIli  MAI EHI  ALL 
r.Ei'AI  Ft  LOP,  0..  T  E  0  JI  P’-’EN  T 
TOTAL  INITIAL  ^.vOCjP.E-i E.'T  C'iLT 


t  6000.00 
S  2016.00 
$  0.30 
I  160.00 

S  3176.30 


COLT  CF  REPLACEMENT  PlAOES  FOR  THOSE  LUST  AND  J.NSEHV  I  C£  ABLE  CINCLJJING 
BLADE  SHIPPING  0  \D  CONTAI.Er  SHIPPING  CC..TS1: 

BL ADEL  LOST  TO  ATT.il.ISN  =  ?  A762.S0 

JA1AGE0  BLADES  NO i  rEPAIrFJ  a  5246  S3.  70 


1  IME- 

EXPI-.Ej  jvDA“A>ED  I.L • 

\*jLL  - 

■r 

‘.107. 10 

TCTAL 

REPLACE  :P..r  COST 

- 

$33360. bO 

COSI  OF 

V.M  N  TE  ,<■>  .CE  AC  T  I  0  IS 

cla  ro;; 

mJJ  MAT  EH  I  >-,L  T.1  MSPECI 

.  LPAIr. 

.sErLACE,  ALII..  ..'.D 

i.-.ac  a 

: 

field 

HE, 'A I..  ON  At  rC.  AF  i 

- 

-7 

0.  00 

FIELD 

1  OFF  AIrC.-AFT 

= 

e 

•> 

b-i.  10 

r  i 

LO..T . 

- 

£ 

1 

F  I  ELD 

K'l  l  I ,  £  N  T 

= 

• 

3  7.70 

DEPO  T 

rEP^I.. 

= 

iin.uu 

JEPO  i 

SC.-.AP 

s 

bb2. 00 

Dc..  0  t 

..ETI.sl.  .T 

= 

r 

333 . jO 

i  :  r  '■•l 

,3  AM T E  , .  .  Cc  COui 

S 

Z  2JS2.T0 

TOTAL  L  I  r  E-CTCLE  rLC-  C.  -  I  i  S.i  A I  hC:..AF T  S4i,0l>.60 


MAIN  T  * NCE  ••‘AN-MP  JHS/rLIG  IT  HOUH 

elaou-  . elated  a i  •  c r ■  af r  jo.  itime 


0. OPOb 
61  3'OJHu 


Reproduced  from 

best  available  C0PYi 


HELICOPTER  LIFE-CYCLE  BLADE  COSTS 

CURRENT  LH-H  MRB 

NEW  BLADE  PRICE  a  S  3000 

MEAN  TIME  BETWEEN  FAILURES  a  1200.0  BLAOE  HOURS 

FIELD  REPAI. m.BILITY  =  12. A  PERCENT 


MEAN  TIME  BETWEEN  MAI  NTENANCE  ACfI0NS  (BLADE  HO'JRS>t 
REPLACEMENTS  =  1235.7 

REMOVALS  FOR  REPAIR  OR  REPLACEMENT  =  1007.3 
REPAIRS  =  5450.0 

DAMAGE  REPLACEMENTS  a  1533.8 

UNSCHEDULED  :1AI  JTE  JANCE  =  1200.0 

SC  ILD'.JLED  MAIN  YENANCE  C.iETI  KEMENT  )  =  6273.0 
ALL  MAINTENANCE  ACTIONS  a  1007.3 


BLADE  EVENTS  PER  AI RCRAFT  tt FE  CYCLW 

NUMBER  LOST  TO  ATTRITION  « 
NUMBER  FATIGUE  RETIRED  UNDAMAGED  = 
NUMBER  REPAIRED  CN  AIRCRAFT  = 
NUMBER  REPAIRED  CFF  AIRCRAFT  IN  FIELD  * 
NUMBER  SCRAPPED  IN  FIELD  » 
NUMBER  DAMAGED  AND  RETIRED  IN  FIELD  a 
NUM'  Ei.  REPAIRED  AT  DEPOT  » 
NUMBER  wCNAPPEO  AT  DEPOT  = 
NUMBER  U  A.'  1  AO  ED  AND  .•.ETIkED  AT  DEPOT  = 
TOTAL  JuMEER  DAMAGED  AND  NOT  REPAIRED  a 
TOTAL  NUMBER  ALL  REPLACEMENTS  = 


1.5000 
1 . 5941 
0.0000 
1.0305 
2.7590 
0.0231 
0.3044 
2.2772 
1 .439 1 
6.4985 
8.0926 


MAIN  ROTOR  BLADE  COSTS  PER  AIRCRAFT  LIFE  CYCLES 


COST  CF  INITIAL  PRO CUT EMENT S 
NEW  AIRCRAFT  'JTFl TYING  COST 
SPARES  COST,  WITH  CONTAINERS 
SPARE  REPAIR  MATERIALS 
REPAIR  SUP  PDA  1  ESJIP'E.NT 
TOTAL  INITIAL  PROCUREMENT  COST 


*  i  6000.00 
=  $  2016.00 
=  $  0.30 

a  S  160.00 
=  S  8176.30 


COST  CF  REPLACEMENT  BLADES  FOR  THOSE  LOST  AND  UNSERVICEABLE  (INCLUDING 
BLADE  S  I PPI N  3  AND  CC  TT  AIMER  SHIPPING  COSTS): 

BLADES  LCS1  TU  All.. I  TIJN  a  «■  4762.50 

DAMAGED  -.LADES  NOl  EPAI..ED  a  R20373.20 

T I  ME- £.<PI .  .ED  U. {DAMAGED  BLADES  =  F  5061.40 
TOTAL  REPLACEMENT  COST  a  £30202.10 

COST  CF  MAINTENANCE  ACTIONS 
REPAIR,  REPLACE,  ALIGN,  AND 
FI  FLO  i.SPAIR  ON  A I  M CRAFT 
r  II  ■  .-.iii'/'lR  >.FF  AT. .CRAFT 
FPL.  SCRAP 
F !  EL  <  MET  £  i:  EMENT 
DEPOT  REPAIR 
DEPOT  SC.NaP 
DEPOT  .  c.  i  I .  .EMENT 
TOTAL  MAI  RYENANCE  COST 


TOTAL  LIFE-CYCLE  BLADE  COST  PER  AI  NCR  AFT  $40,296.10 


(LABOR  AND  MATERIAL  TO  INSPECT,  REMOVE, 
I RACK) s 

=  S  0.00 

-  £  AC  f  ?Q 

=  S  99.30 
=  $  43.50 

=  S  932.20 
a  t  -,60.00 
a  S  232.10 
=  $  1917.30 


MAI  NT  MCE  i-.ICUivS/FLIGHT  HOUR  a  0.0130 
BLADE-RELATED  AIRCRAFT  DOWNTIME  =  53  HOURS 
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HELIC.VTE  .  LIFC-Cl'CL':.  ;.LA,;£  CRi-TE 

C  ..I.,:  4T  E  t-  1  I  rum  S'.  •  »  ;43  CE;. 


.1  DAMAGE 


ML.,  "l.n,j  :  ;  , 

MEAN  TI  '-1 

fij.,  ; . 


I  L 1  <  i 


-  £  3000 

-  636.4  I’uADE  TSJ.w 


-  13  .2  PE.tCEN  1' 

"AI  ?i  x'i.ViCE  ACTIEMS  CGLADl  HDJRS)S 


f.EA ;  ii'.  ...  . 

......  l  v;s  e  .i _  *  3 ‘t j . 7 

ix  iES  F-..  ..c .a.I.C  ..E.'LmCS  -ix-'J  I  -  6„'t:.  7 

■El'  M  =  23  3  1 . 3 

:>A"  .  :  "..AO  I IC).  =  9 G  j  •  1 

ML  ;  Ala  -  1,.,C£  *  606.4 

SCHEDJLEU  MM  Ji.;  I  MC:-  (..£  f  I  r.E.  ixNT  )  s|33M.  I 


all  '•  a;  ii  l  .am 


AC  i  I . 


=  633.9 


BLADE  Ev'ZiTE  ?>£.:  AI.-.C  A-  T  LIKE  CYCLE* 

MJi-'Li. ■:  L-~  i'  I  :  t.  i . : I  i  ID  1 

MUM'  SR  r  mi  I  GwE  i  i  I.  ED  J  iuA/iAGED 

Mj  i AI  i  .E  J  4  AI..C..AFT 

ai.  zo  :ff  Ai-.cn.v;  i.m  fiell 
ilJr'DEn  DC..Ai';'JJ  [1  FIELD 
MUM  BE;-.  DAMAGE*.'  A  i  j  ..Ell.  EE)  ti  FIELD 
REr.Al  .  .ED  AT  OEPC  T 
.NUMBER  SCRAPPED  VT  DEPOT 
NUMr  Em.  DAMAGED  A.D  ..ETIEED  AT  DEPT T 
TOTAL  N  JMDER  DA  AGED  AND  .40  T  uEPAIRED 
TOTAL  JJMBt.i  ALL  .\E.LACEMEN TS 


1 . 5000 
0  •  7  4  6  4 
0.0000 
1.9177 
4.6731 
0. 0406 
1 .6142 
3.7930 
3.5251 
1 1.0363 
1 1.7332 


MAIM  niCTCn  BLADE  C.UTS  PE.<  AIRCRAFT  LIFE  CYCLES 


S  6000.00 
3  2016.00 
3  0.50 

£  160.00 

Z  6  176.50 

COST  OF  REPLACEMEN i  BLADES  FOR  HOLE  L^ST  AMD  UNSERVICEABLE  CINCLUDI  4G 
BLADE  S  IIPPI'iG  AND  C.’MT AIMER  S'-IIPPIJC  CjSTS): 

BLADES  LCD  i  TO  AT TF.I  TI  DM  =  £  4762.50 

DAMAGE')  BLADES  MCI  REPAIRED  s  035501.30 

T IME-EXPI  RED  0  M DAMAGED  BLADES  =  S  2369.70 
TOTAL  REPLACE  -SENT  CCD  T  =  S42634.00 


COS.  OF  INITIAL  P..0C-.2E  'ENTs 

NCU  All. CRAFT  PjTFIlH.iG  COST  - 
SPA:*. 2_  COST.  .  IM  CD.il  AIMERS  = 
SPARE  i.EPAI  R  MATERIALS  = 

REPAIR  SUPPORT  EC'JIPMEMT  a 

TOTAL  INITIAL  PT.CCJ-.EMENT  COST  = 


COST  CF 

:! AI  >J r£CM A  JCt  ACl'I 

,*  \  i  *. 

(L ACER 

AMD  MATERIAL  TO  INSPECT 

REPAIR, 

i.;C.*3LAC£#  AL I  Is i $ 

AMD 

T  ACK  ) 

i 

FIELD 

rti'M.i  . - ‘ J  AIj.Ca.i 

iFT 

$ 

0.00 

FIELD 

v JAT  ^ c* c  Ai;;r. 

AFT 

= 

$ 

35.  1C 

FIELD 

SCRAP 

s 

3 

163.40 

FIELD 

KETIREME.il 

= 

$ 

23.60 

DEPOT 

REPAIR 

= 

5 

1971.00 

DEPOT 

SCRAP 

r 

$ 

766.20 

DEPOT 

RETIREMENT 

= 

£ 

494.90 

TOTAL  MAI  ITEM A.MCE  COST 

= 

£  3509.20 

REiTO  ME. 


TOTAL  LIFE-CYCLE  BLADE  COST  PE,< 

MAI'ITVMCE  ".  AR-HO  JRS/FLI  GHT  HOUR 
lLADE- RELATED  AI RCK AFT  DOUiMTIME 


AIRCRAFT 

=  0.0279 

=  33  HOUR 


$54. 319.30 

\ 
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HELICOPTER  LIFE-CYCLE  BLADE  COSTS 

CURRENT  IH-IH  MRP  m»t  N3  COMBAT  DAMAGE 

NEW  BLADE  PRICE  *  $  3000 

mean  rrur.  bet  deem  failures  =  1045.6  blade  moors 

HELD  MEPAI RADI  LI  T  Y  =  13.2  PERCENT 

MEAN  TIME  BEll.EE  1  MAI  NTE.NANCE  ACTIONS  C  BLADE  HOURS)  : 
RE.’LACEME  Jio  =  1154.6 

REMOVALS  EC;.  REPAIR  CR  REPLACEMENT  »  9  10.3 

REPAIRS  =  4313.0 

DAMAGE  REPLACEMENTS  =  1330.2 

U  JUCHEj JLED  : i.M  .TE-iAPSE  =  1045.6 

SC  IEDULEO  I.M  i  JANE..  .  ,E  T  I  MEMENT)  -  7064.5 
ALL  MAI  N I  ~  )A  MCE  AC  T  I  .!  )S  =  9  10.3 


BLADE  EVENTS  Pi.\  AIRCRAFT  LIFE  CYCLE: 
.NUMBER  LOST  TO  A  l  T.il  f  l  CM 
NJ.M.JKK  FATIGUE  RETIRED  UNDAMAGED 
NUMBER  REPAIRED  "N  A I. -.CRAFT 
N-F-IBEa  ..EPAI.-EJ  OFF  AI  RCKAFT  IN  FIELD 
NUMBER  SCRAPPED  IN  FIELD 
NUMBER  DAMAGED  AND  RETIRED  IN  FIELD 
NUMBER  REPAIRED  AI  DEPOT 
NUMBER  SCRAPPED  AT  DEPOT 
NUMBER  DAMAGED  AND  RETIRED  AT  DEPOT 
TOTAL  NUMBER  DAMAGED  AND  NCI  REPAIRED 
TOTAL  NUMBER  ALL  REPLACE  RENTS 


AND  NOT  REPAIRED  = 


1.5000 
1.4155 
0.  0000 
1  ..3539 
3.0709 
0.0267 
1.059  7 
2.4399 
1.6576 
7.2452 
8.6607 


MAIN  ROT  OP.  BLADE  COSTS  PER  AIRCRAFT  LIFE  lYCLE: 

LOST  OF  INITIAL  pji'OCURE RENT: 

NEW  AIRCr.AFT  Ol:  FITTING  COST  =  £  6000.  OC 
SPARES  COST,  ..  1 TH  CONTAINERS  =  i  2016.00 
SPARE  REPAIR  MATERIALS  -  J  0.30 

REPAIR  SJPPCrT  EClIP.MENT  *  $  160.00 

TOTAL  INITIAL  PROCUREMENT  COST  =  S  ' 


3176.30 


COST  CF  REPLACEMENT  BLADES  FOP.  THOSE  LOST  AND  UNSERVICEABLE  (INCLUDING 
DLADE  SHIPPING  AMD  CONTAINER  SHIPPING  COSTS): 

BLADES  LOST  TO  ATTRITION  =  £  4762.50 

DAMAGED  BLADES  NUT  REPAIRED  =  £22377.60 
TIME-E/IPIREO  UNDAMAGED  BLADES  =  3  4494.30 
TOTAL  REPLACEMENT  COST  =  £32136.40 

COST  OF  MAINTENANCE  ACTIONS  (LABOR  AND  MATERIAL  TO  INSPECT,  REMOVE, 
REPAIR,  .;G.UL ACE,  ALIGN,  AND  TRACK) : 


FIELD  REPAIR  ON  AIRCRAFT 
KIEL!)  REPAIR  OFF  AIRCRAFT 
FIELD  SCRAP 
FIELD  RETIREMENT 
DEPOT  i.EPAIS 
DEPOT  GCi.AP 
DEPOT  RETIREMENT 
TOTAL  MAINTENANCE  COST 


0.00 

55.30 
1  Hl.nU 

43.30 
1293.90 

503.00 

324.90 


S  2331.40 


TOTAL  LIFE-CYCLE  BLADE  COST  PER  AIRCRAFT  £42,644.20 


MAINTLNCE  MAN-HO'JRS/FLI  GHT  HOUR  =  0.0200 

BLADE-RELATED  AIRCRAFT  DOWNTIME  =  59  HOURS 
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MFl.l  C  'i’.'E.-;  L I  re'.- CYCLE  BLADE  COSTS 

CURRENT  0-1-  IH  MRB  ,MJ  COMBAT  DAMAGE 

ME>.  BLADE  •*.  ICE  S  $  3000 

"-'AM  f !  ME  .  EE  i  AI LdRES  *  1144.0  TiLAuE  HOJiiS 

FIELD  .iE.MI..V'!Ui'Y  =  13.2  PEkCE.M  T 


MEAN  f  I  ME  r.r;.  N  -'AI  1 1 Em  A  ICE  ACTION^  C  BLADE  MDJRS) : 
fiEPL  U'E  ’Em..-  =  1221.3 

KFTMOW.LS  F.  1  .  :EPAI  OP.  i.EPLACEME-M  l  a  >7  0.3 


REP  A I  :  1 

DAMA..L  i.F.’L  \CSKEN  IS 
UNsC-1-  I'CeED  "  "  I  MI'E  IA  jCE 
SCHEDjLL:  ‘  ‘AI  1 1 1.  4 -VICE  (  RE  T  I  REMLM  1  ) 
ALL  MAI  ii  E  J'.MCE  ACTIONS 


4723.3 

1307.4 
1  144.0 
6379.6 

970.  3 


BLADE  EVENTS  PE. !  41  vC'EArf  LIFE  CYCLES 


, -i'-V'EP 

1.  7  L  i  .  1  AT  T.s  I  T  I  M 

= 

NJvBEa 

FATIGjE  r.  ETI.  c  ;  j  ;  JAM  AG  ED 

2 

Md.MBER. 

..SPA  I  .  J  „  4  A I  C  -.AFT 

2 

NJMPE.; 

:.c.i  il  ,-\El>  OFF  Al.iCr.AKT  1  M  FIELD 

= 

.M’JMSEk 

SC.-.  ARP  ED  I'M  FIELD 

2 

MJMOmR 

D  AMAllc.0  AMD  RE!  1...-.D  I  >J  FIELD 

= 

VJMPEi; 

nEPAl.MEO  AI  DE.-.5T 

2 

NUMBER 

S C:\AR PC  7  AT  DEP  !  T 

2 

M  J  M  n  E . . 

J  I  AC  Ed  AMD  i-E  T  I  ..ED  M  DEPOT 

2 

TOTAL 

-i a  : ac ED  aid  mot  «t paired 

= 

TOTAL  iNJ“rFR  ALL  ::EPL ACEME.M  1  S 

= 

1 . 5000 
1.5626 
0.0000 
1 . 1 306 
2.3033 
0. 02m4 
0.9654 
2.2793 
1.5153 
6 . 6232 
?.  1373 


•IAIN  ROTOP  nL  OE  Ci'TE  PER  M  RCRAFT  LIFE  CYCLE: 


cost  of  iuriAL  P:<i:cu..E'-’E .rs 
NE*  AIRCRAFT  CJIFirriMG  COST 
i  PARES  COM,  *(*-•!  C ’ll  AIMERS 
SPArE  i.trVIr.  MAI -RIALS 
REPAIR  SJPP...T  E  T  U I  H  IE  M  r 
TOTAL  INITIAL  P«  ’CJuE'  E.JT  COST 


5  6000.00 
t  2016.00 
S  0.30 
S  160.00 

S  3176.30 


COLT  Or  REPLACE  <£  1  i'  c  LAD  EL  FOE  T-ICLE  LCL  f  AMD  J.MSER  V I CEABLE 
BLADE  SMIPPIM.  AMD  CONTAINER  SMI PP I  MR  COSTS) t 
BLADE i  L  'Ll  A r  1  r. I  i  I  j  .  a  F  4762.50 

DAMAGED  “LADES  .0  T  r.EPAl LED  =  S20321.20 

TIME-EIi-I.-.c.'  J  M  DAMAGED  GLADES  =  S  4761.20 

total  replaceme  it  cr:  r  =  $30544.90 


cost  of  " a  1  ii!c  j-viCE  actions 

REPAIR,  REPLACE,  ALICE,  AID 
FIELD  REPAIR  CM  Al.-.c  .AFT 
FIELD  :<EPAIn  RFF  Ml  RCrtAFT 
FIELD  LC.-AP 
FIELD  ,.Ei  li.E  IE  ir 
DEPOT  .-.EPAIR 
DEP01  SCr.AP 
DEPOT  s-.E I  :■  E  ...  IT 
TOTAL  MAI  ITERANCE  COST 


f LABOR  AMD  MATERIAL  1 0  INSPECT, 
TRACK)  S 

=  S  0.00 
=  S  51.00 
=  5  101*00 
=  S  47.60 
=  S  1177.33 
=  I  460.50 
=  £  277.00 

=  £  2136.00 


TOT AL  LIFE-CYCLE  nL ADE  COST  PER  AIRCRAFT  340,357.20 


•••mINT’MCE  "A'J.  l:  JPS/FLI  GMT  1.7 UR 
PL  ADE-R  ELATED  A  IRC..  AFT  DO..  4  TIME 


0.0137 
55  -{PURS 


(INCLUDING 


r.EM'J  VE, 
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helicopter  life-cycle  blade  costs 

CUr.RE.NT  UH-IH  MiMl  *****  >-40  COMBAT  DAMAGE 

NEC  BLADE  Pi-  ICE  =  £  3000 

ME A.1  TIME  2ET..EEP  FAILURES  =  1372.3  BLADE  •ICUKE 

FIELD  REPAIR.'.:. ILI  TY  *  13.2  PERCENT 


MEAN  TIME  BE  1  '.  EE  J 
REiV-vCE:  ItN  1  L 
EE  i  'VALE  FE.i 
REpAI Re 


XAI  N  T  EMAJCE  ACTIONS  (BLADE  HOURS): 

=  1336.0 

REPAIR  OR  RETLACE-IENi  =  107m.  0 

=  5662. 6 


DAMAGE  KEPLhCE.-IEM  TS 
UNSCHEDULED  A I N  IE  iANCE 

sc  ucdulep  -;ai..;e  iaice  crctireme  jd 

ALL  .•■AI.'itE'R'-.CE  ACT  I  CMS 


13  12.  1 

1372.3 

5233.0 

1094.0 


BLADE  EviEMTS  PEA  A*  .".CRAFT  LIFE  CYCLE: 


'JUMPER 

LCwT  t  )  aim. 

.III  '  ! 

= 

1 . 5C00 

NUMBED 

FATIC-E  RET I 

RED  UNDAMAGED 

= 

1.3560 

NUMBER 

REPAIRED  )  ! 

A!,  c ...Vi' 

= 

0.0000 

MUM PER 

. .  E  P  A I  . .  •.  0  .  r  r 

Air  TV.  AFT 

IN  FIELD 

- 

0.9537 

NUMBER 

-C:.  APPRO  IN 

F  I  ELD 

= 

2.3390 

NUMBER 

DA! ’.VC ED  AMD 

RETIRED  IN 

field 

s 

0.0203 

NUMBER 

i . E r  A [ . . E 0  AT 

DEPOT 

r 

0.307  1 

NUMBER 

SCRcVPED  AT 

DEPOT 

= 

1.8965 

NUMBER 

JA. '.AGE  J  AID 

.it  *  I  RED  A  f 

OERCT 

= 

1.2626 

TOTAL  N'J: :  DAMAGED  A. ID  NO T 

REPAI  .RED 

= 

3.5184 

T  3  I  AL  N 

U.iS'E.-.  ALL  EE 

PLACE.'. ENTS 

= 

7.3744 

MAIN  r.OMR  BLADE  C''ST-  PER  AIRCRAFT  LIFE  CfCLE: 


CC ST  OF  INITIAL  P  .  ’’CJREME'l f : 

N  K.  .■<  A I . C .  I  A,-  i  > ,  j  f  r  I  I  i  1 . 1 G  Cuw  i 

SPARES  COST,  -I  1'H  C:.  it. MGERS 
SPARE  REAAI . :  !ATLnIALS 
kEPAI.%  SURFS.  T  E.-Ir/;E.li 
TOTAL  I..ITIT.L  C-.  .EME  IT  C...T 


3  6000.00 
3  2016.00 
S  0.30 
£  160.00 

S  3176.30 


COST  OF  REPLACE.  ,S  1  f  BLADE.  Tj„  THOSE  LE-T  AMD  UNSEi.VICE.ULE  C  INCL-DING 
BLADE  -  IliVI.p;  MO  C„  JfAI...  „  UFPiMG  C  -  -  T  S )  : 

BLADE-  L.j-jT  T.  ATT..IT1;.  :  =  '.  .1/62.50 

DA  A’ CEO  ELAuT...  RCi  ,  TP'' I  ■  !  7  1  V  '.  ?  0 

T I  E  -  E.<  P I .  .EE  ..  IE  , iGEu  5LiWE-  -  3  5372.70 
TC7  AL  REPLACE  C  :  i  C.)S  T  =  S273 C 3  .  10 


ST 

r  £ 

MAI  NTS 

:/.:CE  ,»c Tic 

.  CL'.  NO 

,< 

AID  .  A 

i  r  li  i 

. I AL  TO  I JsPECT 

.r  it 

I.., 

;\L.  ^ 

ALI..N, 

-  ii./VJp* 

)  : 

FI 

‘-U-7 

. .  L . '  M  . . 

.7  J  A 1 1 .  .V  i 

= 

3 

0. 

00 

FIELD 

REPAIR 

"r.7  A I  Jim'  «*  i 

;  = 

3 

42. 

50 

FIELD 

SCR  AP 

S 

3 

34. 

£0 

FI 

ELO 

'  Eil.  E 

:..  ir 

= 

S  e >  • 

30 

y .; 

r 

I TPM  : 

= 

£ 

9  j  L>  • 

50 

*j  v 

: 

ECr  '.R 

= 

P 

^  V  w  • 

10 

nr 

I'J  t 

i . .  . 

’ ; .  r 

= 

2 

247. 

50 

Cl 

'L 

IMMiE  . 

.VICE  LOST 

r 

t.  1799.10 

i  0 f  AL  LIFE-CYCLE  BLADE  COST  PE.-.  AI.'.C.'.AFi -  507,733.40 


MAI VT*. MCE  MA.1- IJ-..-/FLIG1T  IS  JR 
-  .■.l.L"  T  EO  A! AF  i  MI  ... 


0.0166 
•i 7  H  .  J..S 
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i-irtAi  .i»i>Y«ii  lYijiriji! ■fchTf 


HELi COPIER  LIFE-CYCLE  HLAfJF  COSTS 

UH-  1  MR!',  *****  NO  LEPUF  *****  ..ITH  CJMBAi  O.tN'tCE 


ME..  BLADE  PR  I  UR  =  $  3000 

>1.  A  :  1 1 •  :ti  f  ;• .  ;  r ai  LUr.E_  =  914.0  blade  ••isji.i. 

FIELD  i.EPAI . . ‘  i  !_ I  i  Y  =  12.4  P -  i.UEi'l  1 


MEA.J  FIVE  i:.-:  I  .  rh  1  V  AI  .M  IE. A 
REPLACE  IE  111. 


:cp  actions  o-laue  hours): 

-  94H.1 


Rs.  -’Ov ALS  F.N.  r.EPAIH  Cr:  REPLACEMENT 
kEFAI.-w 

DAMAGE  1..-1  'L.  -US.  \i  !TS 

unschedjl  .  >  :tf  iancc 
SCHEDUL'D)  •  AI  :rr.  NANCE  < .  :5I T I  .EM ENT ) 
ALL  MAI  iiUNVJCE  AUilOJ:. 


=  3  A  0  •  3 

=  7391.5 
=  1043.0 
=  914.0 

= 10419.5 
=  340.3 


DLAOE  EVENTS  "la  AI  r.CnAFT  LIFE  CYCLES 
NUMBER  LOUT  TC  AlTuni.M 
NUMBER  FAFI  UE  .-.STIR -NJAMAGED 
NUMBER  r.Ei'AI  :.F.D  .  AI  .Cr.A-F 
NUND£R  ftSP.M.MED  OFF  AI.. CRAFT  IN  FIELD 
HUMBER  SC..APPED  IN  F I  EL  > 

NUMBER  DAMAGED  AND  ..ETI..EO  IN  FIELD 
TOTAL  Nw  •?•-•..•.  DAMAGED  A  Jo  ««.'  i  .-.EPAI.-.ED 
TOTAL  NJMBr>.  ALL  REPLACE  ’EM 1 3 


1 . 3000 
0.95 97 
0.0000 
I .3529 
9.3577 
0.  0304 
9.3330 
10.5473 


MAIN  ROTOR  BLADE  COSTS  PEK  AIRCRAFT  LIFE  CYCLE: 


* 


COST  CF  INITIAL  PROCUREMENT : 

NEW  AIRCRAFT  OUTFITTING  COST 
A  PARES  COST,  '.ITH  CCNTAI  .EPS 
SPA/.E  REPAIR  MATE.-. I  ALS 
REPAIR  SJPPOriT  EJJIP.MENT 
TOTAL  INITIAL  PROCUREMENT  COST 


$  6000.00 
Z  2016.00 
£  0.40 

S  160.00 

£  3176.40 


COST  OF  REPLACEMENT  BLADES  FOR  TH'SE  LOST  AND  UN3ERV I CEABLE  (INCLUDING 
BLADE  SUPPING  AND  C  ;  «ITAI  -IE,:  SNIPPING  CCoTS): 

BLADES  LOST  TO  ATTNITI  l  *  S  4762.50 

DAMAGED  PLAOF..  FT  F.EPAI.-.ED  =  S304.iB.50 

TIME-EKPI  I-.E'J  UNDAMAGED  GLADES  *  S  3047.20 
TOTAL  REPLACEMENT  COST  =  333259.20 


COST  OF  MAINTENANCE  ACTIONS 
REPAIR,  KEi-LACs  »  ALIGN,  AND 
FIELD  REPAIR  ON  AIRCRAFT 
FIELD  SEPT!..  I'FF  AIRCRAFT 
FIELD  ~C.<AP 
FIELD  RETIREMENT 
TOTAL  MAINTENANCE  COST 


C LABOR  AND  MATERIAL  TO  INSPECT,  REMOVE, 
TRACK)  : 

S  S  0.00 

=  3  60.00 

-  3  344.10 

=  £  29.70 

=  $  433.-30 


TOTAL  LIFE-CYCLE  PLAOE  COST  PER  AIRCRAFT  346,369.00 


MAI  NT  'MCE  MAN-WCU.. S/FLIGHT  -TOUR  s  0.0216 
BLADE-RELATED  AIrCaAFT  DC UN  TIME  =  64  HOURS 
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M7L I  CJ.’i  L[r  -CYCLE  -LA;...  CVI3 

Di-IT  :in  .jEPO  1  -f  ■=:•!.  ,M.  CO.MP.'.i  U'.'iAUL 

NtV.  "l.i'J...  !  . I  •••.  =  £  3  300 

...  a:  m::  :  . :  f  ail.c.cd  -•  i~4-».  .  ii.aje  icc;..-. 

field  .  ■.  ai  ,  ii.ir.'  -  u.j  i-lxc.imt 

mean  it  .  'Li  ,-;ai  i  r... :  :jl  Acri:* <  blade  moj.-.d): 

■  iEPLCc  i_  =  1051. *1 

.TEX.  F..<  .\EPAIT.  r.EPLACEME’JT  =  930.2 

.\LV;  1  =  5063.7 

D  AM  V_  .  '  L  Vr."-'lT  J  T5  =  1201  . 

::ak. i  .  a  iCi.  *  1015. 6 

scieo.jl-..  n  e  Ci.eti.m.mi:  ;n  a  3424.3 

ALL  :ai  a  P  ,,\:C'£  AC  i  I .  a  9  30..; 

BLADE  EVENTS  r~:.  AlkC,..'./!  LIFE  cycle: 

IJMPF.i.  I _ i  AIiivli'ICJ  =  1.5000 

r  tic.c  ..d  j'jo»v.ag.'.j  =  1. 1370 

N'J'IEE..  E.  Ai  r.'.lD  3  <  A I  ..C.-.Ai'  i  a  O.COOO 

NJ.Xhivr.  I  OFF  ,M..C  TAFT  IN  FIELD  a  1.2393 

MJMBE  <  „C-:  VP£i)  I.  I  ELD  a  ’,.2973 

NJMIiEK  DA'AC.CD  .-.ClIi.EP  IN  Flttl)  -  ). 0267 

1DTAL  !-■  "E.C  DA.'.AIE'J  AMD  .Cl  ...C.'AIi.EJ  a  J .  2239 

TOTAL  f.J  ALL  -.^PLACEMEN  I  5  a  y.il  10 


MAIN  kOi'C..  CLADS  CJ-TS  PL.'  AIRCRAFT  LIFE  CYCLE: 

COST  OF  I'll  UAL  r'r.CCu,  ,E"E\  t  : 

NEC  AIAC..A/.  •  J T I  I  I  t. ; C  CC-f  a  Z  6000.  00 
DPARE5  C  • ;  -  i  *  .  I  i  •!  C..TAIMEaD  a  Z  2016.00 
SPARE  ..EP  M ..  ’iLC  =  0.30 

REPA!:.  SC.VCki  C.-lr  E  ir  =  %  160.30 

TOTAL  INITIAL  P..CCJAE  '  E.li  C'l-i  a  S  3176.30 

COST  CF  REPLACEMENT  I. LADES  For.  T.-IOd.-:  L0~T  and  UNSERVICEABLE  c  including 
BLADE  EMI.'.  I  .3  ADD  C  i  U  lEi  EilPPI  1C  C..DT35: 

blades  L-'-r  r .'  .\rr..n  to  ;  =  5  4762.50 

DAM  AC  ED  PL  VC.;  .CT  .  .EPA I .  :ED  =  .'2627  1.40 
TiME-i'i.'i.  ■>  „  ..)  v;a  ;ed  m.;de:  =  z  376;.  90 
TOTAL  REPLACEMENT  CO.,  i  a  0343 02. <30 

COST  OF  ■’AI  CiZNAMCE  ACiICNC  (LAIN-.  AND  MAlEKIAL  TJ  I NEPEC  T ,  REMOVE, 
F.tPAIkj  ..EpL"C£#  -LI".»  ■'  .  >  TrC.CF): 

FIELD  ,.L.  M:  O'.  A I  j  .  C  .A  E  I  =  V  0.00 

FIELD  .:-2AI..  if”  All. Ci. AFT  a  0  55.00 

FIELD  3C2  V  =  3  27  1.70 

FIELD  .<t.  i  I..f.  •  l  .r  a  z  36.40 

TOTAL  MAI  JTE  JA'ICE  CC-1'  =  I  390.10 


TOTAL  LIFE-CYCLE  BLADE  COM  PEr!  AiP.Ci.AFT  £43,369.30 


"AI.-JT’NCE  ;!.\.-MC  j  .D/r  LI  E  IT  ICC,;  a  0.0196 
BLADE-EEL  A I  ED  AI..C..AFI  DC  ..  J  1‘I.lE  =  53  U.OJKS 
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WUO-Vrt..-  UFF-C  '  ’L*-'  •  I.mVI  cc 


i  -■ 


HKLU  ;.L: 

I  .A’  LE/L 

.j’.-Lt: 

'■1.  i  '..I  L  -. 

-  ; 

i  j 

1  I  I! 

j  •=  I  1 

I.A  fLAJt. 

J,<L 

..  A  I  ,  I  L  T  i 

= 

1  •  '  V  !*_* .  \  C-  <1 

n  ■  ' ;  .  •  i  ■ 

Tc.  JA'iCtl  ALII 

clla.c: 

:  J.-.t) : 

'  .  .  '  t  — 

-  IL, 

.  3 

a  '  '.l  r  :  !'t 

I.  -.A  AL.-’L  v: 

-.  .IT  -  1  I  1  • 

r’.i -V 

-  J 

, 

L)',  or  vvJLAC.-  -I 

»  w 

=  3 

.  ; 

.J  'J  L  •  '  :  J  .  L  )  !  .  i 

: ;c  •: 

=  106  1 

.  0 

LC  1  .  ;L  ■  '  •  !  ■  T  • 

•  .CC  ■:,■.£!  I. -.E 

.Lin  =  30  * 

•  j 

ALL  ■  U  .i  .  .  .  . 

C  1  I  .■  Jj 

=  10  07 

.  0 

E  •'  •••,  U  .C. 

T  LIFE  t't-' 

t_  r* : 

J  -  ‘  -  L  '  - 1  .  ,T 

...i  i  i 

= 

1 . 3000 

^  J  •  l  r  'uICj/. 

TI...U  m'<- ■' 

ML  U  = 

C.oooo 

■'i  J  ..EPA!  ,.C  ■> 

■M  .C/  AF  i 

= 

•  i.  7  03 A 

■•!  j  A  I  .  ■  ;)  . 

-  ■  A."  1 

I  -  FIELO  = 

0 .  1  A  1  0 

•jj  "  •.<  i 

.  1 

= 

3.071a 

■N J i L. .  |J V-.J  A. 

0  .'I..EO  i  ; 

T  I  ELL 

D .  0 !  ''j  3 

r :  r  '-l  . ,  •r\  -  j.vo 

J  •  J  . .  t 

0,0  - 

o .  0  7  Is  7 

T01AL  Cw  ••«>£.>  ALL 

.pl  •>; :  i  c 

= 

i.  O-VjV 

•:«m '»  <»or.v.  !-l'Oe  cc-tl  aikcaa-t  life:  crCL-s 


:  '.00 

1  0  J.00 

1  ">.00 
I  60.00 

s  n  ia. no 


cccr  :'F  i  u  r i  !_  .a,  r* 

je.-.  a:..:;..  ;~i  ;•  - 

LPAaEL  C  .  i  >  ;  .  1  •'  i  'M  ...nL  - 

LPArE  ..  "  U  •...  !  v... 

CEP  A  I  . .  ‘-.it  - 

total  uiitAL  a  colt  = 


CO£.r  0"  <-L  \CZ  '  EOT  '■  L  AOE  >  rC.t  f  L'LT  A  J-,  j  1EEKV I  CE  A'-L£  UNCL  JOlMli 

pl'oe  *.  ti.-vi.i-:  •' :  >  c  •  ■  i  m  •)  t-m  ,-t  colid: 

FLATIEw  L.Li  r.:  Aii.viii:;,  -  7  AAib.OO 

D  Ay  A'  ip  J  '-L  C.'i  .aAIaED  =  S  3*16. 70 

Tiy- I.. “J  J  .  V.  :  .  "LADEL  -  *  j.>-37.00 
TOTAL  .:r  OL'iO-:  .T  C'-i  =  n«!l.70 


cc  - 1  !  .;  •:  a ,c-;  ac i 

r.E  JAIP.  .  'L  •  -3  —  #  •',  !  ■  t 

F  I  “CL 1 J  O'  >1  •••  ’  ’  I  . 

FI  FLO  :  ?r  r  '  I  .0. 

r  ICLj  . 

F  I  -  l.  J  ■  .  [  ■-  U 

i  I  ' l  ,  •  .  • ;  C  .a 


L  CLA'  V.  "<  ;0  • :  A T  E.\l  AL  l  U  I.'JsHECl'*  KEXJwE, 

/  T.vVJ.o  : 

=  r  o  •.  j  •  I  o 

r  -  r  6.30 

=  :  I  !  .60 

T-  6  0 .  A  0 

=  56-J.7  0 


OTAL  LI  t'r>C  TCL£ 


AI  »1  -  (0  J 

L  AUlC-P.EL  A  i  CO  AI; 


■ ;  L  ■  i-  - 


C-.’ci  i*i- 1 ■  ai.'.c..ap  r 


1  60.  AO 


hel i c ■  1 1  it  life-cccl-.  >  •. *w.-.  evict 

Ft  EL  J  -.i:i  ■  I  .  '."Lt/tlCL.'dVli  r.L.UL  uE-IG.M  2 

'.t.<  nLA i ■.  Mic-:  a  : 

•ic  a  <:  It  -i  » <vi  i.  •:!■>  a  730.6  r-LAUi  ^ ;  j.  ... 

F[-.L>  ■  .  A I  ULI  I  i  -  61.:;  1EKCEJI 

VK  AM  i  I  •<  ••  >■■■-  I  ..E.-.  ;  ■!,',[  .1 1-.MV  ICE  ACitJ'li  C'LAiif.  IJ-J..L): 
'xLf'LAC  D-.  MIL  a  1407.9 

n F.E..  . .  K  * J  •  *  I !  i  r.Er'LACEHEMl  =  1361.  5 

RE.”  I  ML  a  1233.  A 

i  V  •*,*•!  A*  ‘  E  I'LAC-.-'  Ill  -  1944.6 

j  ::  ■  r  ••  •  i  .»  .  =  736.6 

iC  <;  >,L-.J  •"•!  J  '  •_  C.\EI  li\t. -IE  Jl  >  =  50!  3.7 

ALL  MAI  MCE  7  A  MMi  =  633.7 

GLADE  ;r~  r'K<<  Al:xC:  A'i  LIKE  CfCt.E: 

m j  .  l •  ■  l  r  r «  a  1 1  .  i  n  j  i  -  1.3200 

N  -AltiiJE  ..Ml..-..)  0T.1  A  ••••.<!£  3  =  1.96,31 

NJV-E.:  .xEPAt.-EU  At  t.C.lAf  i  =  7.3390 

NJ-t'lEi:  j.EPAt  '.j  -  f  r  Atr.C.xAfl  17  FIELD  a  9.2337 

N'J-IAlo  iC.HA  >:>■•:.)  19  FIELD  s  3.1192 

NJX'-Fn  i)  4  *’  A  D  ED  A'.!)  1  I  .(Ej  M  FIELD  =  0.0232 

roc  At  DA-tAi  r.D  A  19  Ilf  ixEPAIHED  =  3.1424 

T'UAL  'I'JMRF.P  ALL  -EFL  ACE'-IE  M  f  i  a  7.  1073 


MAIM  h?ItJK  'LADE  COM  h  PErt  At  PCr.AF  1  LIFE  C6CLE: 

COST  •’?  I  ;!  n  Al  =>2',C  J  -  E  -'EM  C  : 

ME..  A[.m-  V-T  J 1  F I  i  I  I  .  ".  CO-  i'  =  ?  3776.00 

ip- .-:l  : c*  .. i  f  i  c  mai  ie.-.l  =  s  1 942.10 

SPAf.E  MI  !i  ••'•VfE:\I  ALL  a  $  31.70 

hcpmii  :.  j  v.\  ■  r  eooip  ’Emt  a  «  iso.oo 

TOTOL  l.lilAL  p..  .'C  J..  .  ,EM  r  C-il  a  $  7916-30 

COLT  or  r.FPL  ACLMEMT  ''LAOEl  F'Lx  CH-iE  L30I  AMD  jMicnVI  CEAbLE  (  I  .MCLJuI  Mo 
GLADE  As')  C.MIAIMEit  iHlPPlMG  CClIL): 

RLAUEL  L'L!  i  :  HM  il! 7  =  3  4594.30 

DA'A'ir.  )  '-LADE5  70i  ..KPAIkEi)  a  *13231.60 
rr-E-EOM  lEO  jM  J.ai  -IiAIiEl)  OLAJEL  a  S  6017.20 

r o r al  f.r ’LACE  'EMi  cci.r  a  $23143.20 

COLT  ;’F  •MI  .  1  E  7  1 C  E  .*  C  1  I  ONE  f  LAP.  .)  AMD  MAfEixIAL  TO  IMLPECT,  riEMOVE, 
REPAID,  dc  ’’L  ACE  ,  A  L  I  C  J »  AMD  f,.MCO! 

F I  EL!)  <.K  • '  I  ■  7  Al.tCDAFf  a  T  641.00 

FIELD  D E  J  •  \  I .  x  Off  A I  ,xC, .  Ar  f  =  $  11.40 

FIELD  i'C.MP  a  $  104.30 

f !  lLD  -.Ell  7  r  8  Z  69.60 

f  J 1  AL  !  r-.  OF  •  -M  3  $  903.40 


i  0  r  AL  LIFE-C6CLE  -LADE  COLi  P£(x  CxI.HCjxAFC  $24,663.20 


••1AIM1  •  JCE  M A  i  - Jk£/KLI  (HI  HCJ2  =  0.0169 

CL AOF-REL A f  r. 0  AI  AF  f  JO..  7  Cl  ME  =  63  HD  JA- 
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HELl 

;  -,’i 

r.  ;• 

LIFE-Ci’ 

l.i.  blade  c- 

.LIE 

FI  EL  J 

»'  A I  . 

At'.LE/ 

:.<p  ::;ja  >lf 

1  L  AJ  -.  Jfc.L  I  ti.N 

ME  . 

'M.  ■ 

•){• 

PRICE 

- 

.2  5  5  -5 

ME  A  1 

i  I 

"NT.  E  -T  , 

.'•ILL. 

~.l,  = 

1  26  1.0  ’j 

LAD 

..  i.jj.ji 

FILL 

3 

M.iftHL! 

V 

- 

41.,?  )• 

Ei-.C 

..  4  1 

MEAN 

1  I 

r i .  f."N 

:.  ,i  . )  :■ 

J  \  JCt 

AC  TIL.-  (  r  L  A 

)E  1J..3): 

L- 

C  .  ’  E  N  i  - 

= 

1  7  64.4 

;(:• 

’  V 

)'LL  f.n: 

I/ 

C.<  .(Ei  'L  ACE’-iEw  I 

= 

1713.2 

; .  r. , 

\  I 

.•'i. 

= 

2064.  1 

UL 

E  I.EPL.  C 

..-.  :  T- 

= 

32  4  1 . 0 

j  i; 

1.’  • 

l  :  l  •: 

VlCF 

= 

1  ?  4  1  .  J 

LC  1 

i.J 

JLr.J  MAI 

i  .  .  ■ 

I..-: 

1  I  r.E  -!£N  n 

= 

5  00  A.  0 

ALL 

- 

At  NTEs  \  .'l 

E  AC  1  I  J\IL 

= 

1  007.  0 

BLALY 

4 

r £  f-:. .  a i 

.i\r' 

i  LIT 

CYCLE: 

JO'- 

'li 

••  L.-3*  i 

a  i  r  .• 

i  i  i :  j 

-■  1.5000 

NJ- 

r !  -  * 

-.  FAT  IN). 

.  ..  1 1 

.  ;-:l>  j 

D4.  NAMED 

=  2.0000 

:i  j 

*  'i 

)',  F  i  ‘  A I . . 

J  ,.  N 

A I  I'.C. 

,f  i 

=  4.7334 

;j" 

:  i 

.  EE.-' Air. 

.4  ' 

•M.-C. 

.AF  1  IN  F[  EL1) 

-  5.1414 

nj  ; 

"*C 

u  !  : 

.•TELO 

=  3.0/15 

m  j. : 

:»£ 

J  DAM  ACE’ 

A  UJ 

(E  I  1 1  .z 

b  I  .  FIELD 

-  0.  ’  37 

i  ,!i 

rtL 

.’  JN  BE. :  - 

.'.  ■  at  n 

— >  A.  J 

...  1  ..E.-rAI 

.Lu 

- 

r:»Y«L  v  ALL  .  .EPLACE  Y  '  (  - 


MAIN  iCn.-;  "LADE  C  J5  T  i  i-E.i  AI..C..AFT  LIFE  CfCLrY 

cost  :f  initial  r  tc-Iinement: 

NEW  AIRCRAFT  J  J I  ••  I  I  I  I N  13  CCLT  *  S  5776. OJ 
SPACES  COST,  ..Iil  Cr.'NTAI  NEr.3  *  $  1  743., 0 
EPA/.E  kEPAIa  A l  L. . I  ‘tLL  =  S  13.00 

REPAIr.  LJt'PS.-.i  j.  . -Ip-’L.'T  *  v  160.0) 

TOTAL  I  :i  lIAL  •  CD  .E  '.iC  •  f  C.Vii  =  S  7703.30 

cci-r  :.■  lacy-  :  .'i  .laded  for  i  r-z  lent  -and  j  jls.k\'icealle  ci 
"lade  -  Hi.  i  ;c  md  c:  :tai  l  ii.vi  Jo  cldid: 

S  L  ■  — i.  L  -  )  )  A  i  1 .  I  1  I  j  . .  -  5  4  5  7  4  •  j  0 

DA' •  L*../iL  N  T  .  Z.-’.AIxEJ  *  5  3621. AO 

riME-LT  I..EJ  J  i  J  "  ALL  J  OLTNEi.  -  '  6126.00 

T C  T  AL  .lErLACENE  !!  (  i  L  T  =  617341.90 

CCE  T  ..  r  ;*NH  J1N".n»ANCE  AClI-ND  CL»M.*0*<  h.ND  NAiL«TT;L  iO  INjPECi,  nE 


kEP/M..,  ..E.-’LACZ,  *1_ I  f.  ■!,  AND  14.6.0.0  t 

FtcLU  ..EPAI .-.  ,i  [  l.Ct :  AFT  -  i  355.30 

FT.Lo  )\I.»CxAFl  =  5  6.5  5 

FIELD  LC..AP  =  $  110.  >3 

r  It-Li)  I  I .  Eltri.-.T  =  3  60.40 

TOTAL  TfJAjCE  O'  5  f  -  i  566.70 


TOTAL  L I  FE-CTCLE  'LA  Jri  COST  PE,.  AIRCRAFT  $27,312.40 


;ce  jrl/f li  g  i r  noli;?  =  0.0116 

BL  AD  E  -  F  £  L  A  T  E  0  AI.iCi.AFl  DO  ..NT  I  ME  =  40  MOjEE 
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lU’.Ltctvri-.-.  lik;.-:<cle  m.-adf  ivuu 


FI  i'Li)  .OEIV.I ; .  .V  -L  .•:/ il  <i»L.'il>  A.-U-'  CLAUE  Dr.MU.'l  3 

'JEW  rLrtJE  .-MICE  =  S  3765 

X  .Ai  Tn-  :.T.  FAIL  Ji.Ki  r  77  V.  0  !  L  A  ...  !  l.'.U  .  I. 

Fir’Ll)  I’.r-I'-M  II.Ili'  =  49  •  5  i  c.  .Cr.X  i’ 

urAi  1 1 m:*  ’  r  —  :  lAiiii'M:  .'iv.  ,u:ii  ml  C'L 7,de  i  m.,3): 

LF-i-LAC::  :i.  .1  :  -  1..34. 3 

VAuL  F  ..  I..  .  MPL  ACiM-T.  1 1  -  1 3M7.4 

KEPAI.  .  -  lj/2.4 

a -v\' -.cf  c ir...  -  1336.0 

jamc-c-:  jl  •>  •  <!  1.  ’•  .  .  -  777.0 

sckec-jll  ■  •  1..':  < .  .  1 1 .  .exe.d  -  62:4.7 

all  "ai  ,'i::  1  a  :C::  yji  1  ~  =  671.3 


'  LAO  3  TWIT-  7.1 -C  ~  i  LI:-’’’  Cf.'LE: 

:jj  l  ..  .  1  All  .1 »  :  -i.5n 

‘IJ'.Pr.r.  r  ‘  .  I  i. .  I .  .  .iiMAliM'  -  1.571. 

-ij-mc..;  ...  m  ;  j  : :  m  •  r  =  6.3-1-11 

M  J  *1 5E--I  i\V.  l  J  7  -  *  ■  I  .  1  . .  .r"  i  1  .  FI.-  LA  -  G •  -  .  *  -  T 

LC  M  )  I  .  -  ;  .  L.  •  *  6.4  '  ; 

u-  vi-;  -.  .-  •. :  '-c:.o  A  ...  .  j  I ! .-  ...  i;  f  i  »-.!_•  -  o.  ia 

TOTAL  )  7.  .  j  .Ji  ..£.*  »1  a  6.317:'.- 

T  "  .  7 L  ‘J  J  mV.  -'LL  -L/.C.-' -M-JiM  -  3. 101  j 


mai  j  ’lh.’  coin  :m..  ,\i 

CC-  f  ’ !  Ilf  1‘  -"'C  : 

v;..  ai.  :  .  •  ■  i  37 1 1  i  i  .  c  - 1 
v  a.m.  ,  i  i  •:  c  ;i  m  n 

3  p  7..  .-  . . I- 1  . 1 . .  !-u  Li.!  -.3- 

..£pai;.  .wi.  Ji 

1  3  1  AL  I • :  I  I  I  L  .-.  CU.M  .  c  ~r 

c ", i’  of  cc  -l  T". :  '.r  "l-m  .l 

:  L--  -  5  li.-.-I  .  A.  V  CL  :  r.M  - 

r  lajlo  log  t’  i’j  AVi..i  ri .  : 

DAMAGED  GLADES  NOT  PE PA I  OF J 
T I ME-EXP I KF  J  MAM-AGE:.:  '-L-ADI. 
TOTAL  iirPLACE"!-:  1 C'.Li 


i FT  LIFE  CYCLE: 


-  -  7v.-o.on 

-  f.  0  -  i  7  5 .  ' )  0 

-  *  26.40 

-  3  1.-..J.G0 

=  $1019  1.-.: 

i  IJ— L  L  .'.  T  AiD  . .  -.- 1  Or.  AE-LE  Cl 

II  .VI  16  C..L  I  L>  : 

=  *  5910.00 
=  $25173.00 
3  =  i  6269.20 

-  S  3  7  5  7  •  4  0 


C-rr  CF  ;ai;!T  "Cil  .  .2  CL722.C  A \!.)  7TArS.it  AL  T J  I  UPEC7 >  .ii 

r. 1*. i ' » : I r* $  ; j ' L .  .LIT  ■  >  .  .i 3  1  ..n^c,  1  * 

.'  I  .'.Li3  .  T./^I  .  . » T i : .  •'  i  =  3  5AA.20 

‘Irl  '  -..  A I :  •  0 .  A.-  I'  =  3  2.20 

r  i  -L')  u'.:  -  i-  t'33-.'j.' 

-  I  ,.L  j  . . i  1  .  i  =  S  AS .  40 

T.i.'.L  C  :  i  a  i  i,.:4.40 


. .  7L  LIFF.-CYCT 


TLA-.F  C  -  i 


.  »AI  ,-.C:  ..AF  I 


£45*37; 


iM-.i  ’  :c-:  fa;-  ::,  ./flic  i  . j  <  =  0.0177 

FLA  .LL-Ai  :-.D  .  ir.CT.AFi  u*.  .  .  i  I  •.£  -  62  1 ! UAL 
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HELICOPTER  LIFE-CYCLE  BLADE  COSTS 

FIELO  REPAIRABLE/EXPENDABLE  BLADE  DESIGN  3 

NEW  BLADE  PRICE  a  $  3765 

MEAN  VI  BET. .SEN  FAILJRES  =  1295.0  BLADE  IIOJA. 

FI  ELD  REPAI  .<AG1  LI1  Y  a  4  9.5  PERCEN  i 


MEAN  TIME  =  ET  GEM  MAINTENANCE  ACTIONS  ( BLADE  HOURS)  t 
..--•PLACEMENTS  =  1693.1 

nE'^v-'LL  F. .<2PAIR  3f.  REPLACEMENT  a  I63J.3 
P.EPulRS  »  2620.7 

DA  :AGE  REPLACEMENTS  a  2560 • 0 

UNSCHEDULED  MAIN  I'M  !  A.NCE  =  1295.0 

SCHEDJLEO  MAI  '  TEN AN CS  (RETIREMENT)  =  5000.0 
ALL  WU  NT CHANCE  ACTIONS  =  1023.6 


BLADE  EVENTS  PER  AI.CiA FT  LIFE  CYCLE) 

NJMCiR  LOST  TC  ATTRITION  = 

NUMBER  FAflUJE  HE  HIVED  UNDAMAGED  = 

NUMBER  REPAIRED  ON  AIRCRAFT  = 

N J  IBEi?  REPAIRED  OFF  AI ..Ci.AF  1  IN  FIELD  = 

NUMBER  SCRAPPED  IN  FIELD  * 

N UMBER  DAMAGED  AND  lirETIi.ED  IN  FIELD  = 

TOTAL  MUMPER  DAMAGED  AND  NOT  REPAIRED  = 
TOTAL  NUMBER  ALL  REPLACENE  I  VS  = 


1.5000 
2.0000 
3.7034 
0. 0274 
3.3929 
0.0133 

3.9062 

5.9062 


MAIN  KOTOR  3LA0E  costs  per  aircraft  life  cycles 


COST  OF  INITIAL  PRO  CURE  ME  •:  T* 

NEi.  AI  .\C.*iV  *  .  I* •*  i  i  i  I ..G  =  7 530.00 

SPARES  COST*  IV  H  CONTAINERS  =  3  2475.00 
SPARE  REPAIR  MATERIALS  «  S  15.90 

REPAIR  -JPP3RT  EQUIPMENT  =  S  160.00 

TOTAL  INITIAL  PKOCJ..E  RENT  COST  a  510130.90 

COST  CF  REPLACEMENT  BLADES  FOR  THOSE  LOST  AMD  UNSERVICEABLE  (INCLUDING 
BLADE  SHIPPING  AMO  CONTAINER  SHIPPING  COSTS) : 

BLADES  LOOT  TO  ATTRITION  =  S  5910.00 

DAMAGED  BLADES  NOT  ,-.EPAl RED  =  014435. AO 
T IME-I 'PI  RED  'J'JOA  1AGED  BLADES  =  5  7330.00 
TOTAL  REPLACEMENT  C0S1  =  S23275.40 


COST  OF  MAINTENANCE  ACTIONS 
REPAIR,  REPLACE,  ALIGN,  AMD 
FIELD  REPAIR  CM  AI.’.Ci.AFT 
Ft  ELM  .-PAIR  OFF  Alr.C.-.AFT 

field  scrap 

FIELD  ..ETIREMSMT 
TOTAL  MAINTENANCE  COST 


(LADD.-.  AND  MATERIAL  TD  INSPECT,  REMOVE, 
Ti.ACK)  : 

=  J  324.  10 
=  3  1.30 

=  $  140.  10 

$  60*40 

=  S  526.00 


TOTAL  LIFE-CYCLE  BLANK  CCST  PEi.  AIRCRAFT  $33,932.30 


MAINT’NCE  •1AM-HCJPS/FL!  GHT  HOUR  =  0.0125 

"LADE-RELATED  AIRCR'W  DD.RNTIME  =  43  HOURS 
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'ielicdptev  life-cycle  blade  costs 

FIELD  REPAIaV>LE/E.<PE  NDANLE  rLAD.J  liiilGN  4 

iu-  3laje  price  •■  £  snsj 

H" m  n  is  r  ailj.nss  ■  76). 2  blade  -cons 

fi eta  i.enai. .ability  «  si.s  percent 

•can  rr  .  nr. .sen  mai n  te  tance  actions  (blade  hocus) i 

RC.'L'C\  1S.NT3  -  1236.  ’ 

fit" .  FC..  ».£:••>!..  0.1  REPLACEMENT  *  124). 3 

RE  PA  I  si  s  H7C.0 

DAMAGE  REPLACE  illi  «  1533.3 

uig:  :;-.o  jlsj  ::m  cie-iatce  *  76). 2 

SC  ILjjLSJ  1AI  HE  1  •»  ICS  (LET I  RENE. il  >  =  60)7.9 

ALL  :  M '■!  I  .’.NANCE  AC  I  I  .  is  *  6.13.0 

CLAOc  EVENTS  PEN  AIaCj.AFj  LIFE  CYCLE: 

MJ‘,rC.:;  LCsi  TO  ■*.»  »>:£  f  1C  N  a  1.3000 

.MC  C  iL  FATIGUE  J  JJf.-IAUEU  *  1.6404 

N'JMOEr.  REPAIRED  Cl  At. .CM  AFT  a  6.6311 

IOC  . iPAIi.SO  CFF  AI.-.CCAFf  i.l  FIELD  =  0.0-i£3 

NN.-1>.  .  ~C.  APPLO  IN  FIELD  =  6.29  30 

NJNPC.v  DAMAGED  AND  RETIRED  IN  FIELD  a  0.0211 

TOTAL  NJHBER  DAMAGED  AND  NOT  REPAIRED  =  6.3161 

TOTAL  NJMBER  ALL  REPLACEMENTS  =  7.9366 


MAIN  ROIOn  EL APE  COSTS  PEN  AIKGRAF1  LIFE  CYCLE: 

COST  of  iviiiAL  p/.jcj.ismeu: 

NEW  Alt.C.  AFT  OJirliilNG  LC-T  =  _■  <611.00 
SPACES  C*..  it  ..If -I  CENT AIMERS  »  C  2319.40 
SPA.'.'F.  i-L.-AI:\  HATH. I  ALL  =  S  23.30 

REP  All.  i  j.-rC.-.T  i  .  J I  :•  GENT  =  ?  160.00 

TOTAL  IUlIAL  P.-CC'J -.-CCE.ir  COST  “•  SI  0355. 70 

COST  OF  wrrLACEMCNT  BLADES  FCM  TK’-S  L'ST  AJD  U  (f.  Ek  VICE  ABLE  (INCLwDING 

BLADE  Sil/Vicj  A  :0  C~  .  1‘  A I  It..  S  IITVInc  CSSiV): 

BLADES  LOST  VC  ATT..IVI  IN  =  6321.00 

DAMACEO  SLADES  ,'IC  I  . iSr'AI LED  =  Cii4342.40 
TIliE-ElP I  .L.)  JJi.'  SLADES  =  6  6534.70 

TOTAL  ..LPLAC-:  ItNT  C-2*  -  337443.20 

COST  OF  NO  I NTE  4ANCE  AC  TUNS  <  L  Ar;  C ;  \.iD  MATERIAL  TO  INSPECT#  ..EMCV/E, 

HEPAIn#  LVCE#  ALI  -  1#  AID  I. •.ACT)  J 

FIELD  . :  IE :  -  A 1 1“.  CM  41.  C.. AFT  =  ~  376.63 

FIELD  -.iPAIK  Lr  F  AIRCRAFT  =  £  2.30 

FIELD  SC...V  =  c  226.60 

FIELD  ..Eli  ME'iENT  «  £  49.30 

TOTAL  MAI  NT £ NANCE  CD-V  =  S  S53.3U 


TCTAL  LIFE-CYCLE  BLADE  COST  PEK  AIRCRAFT  J43,639.10 


MAINTVNCE  1AT-H0U.-.L/FLI  G  IT  HOJi,  =  0.0176 

BLADE -RELA1  ED  AIRCRAFT  DOWNTIME  =  63  HCJP.S 
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HELICOPTER  LIFE-CVCLE  BLADE  COSTS 

FIELD  KEPAI  .:;A°LE/l£X  PEND  ABLE  PLAJZ  DESIGN  4 

rJ  -:  I  ‘.LADE  Pa  I  Cc.  =  t  3339 

ME  :i  TI.-IE  "i  ■  •:  !  FAILURES  *  1232.0  I' LACE  MSU..S 

FlrP.D  3EPAI..AMLI  »  f  =  SI.  3  PERCENT 


•■IE A  J  .  ,  ....Ti.EEN  . iAI  JfZ  Jrt.'L 
.  :;iPLf«"E  •'■•'.  1 1  3 

..imoval.,  i-‘-.  ..iiv,u: 

REPAIRS 

OAMAGE  i.EPLACi  ’"'JTi, 

J.MSC  (El) jLcf  LAIN  TEN  A  JOE 
SCHEJ-JLCw  ;aI,«i  ER.MCZ  < 
ALL  MAIM  IE  IT.  ICS  AC  i  I  C.JS 


£  ACi  10  Jw  (i.L.V^Z  .IS  J,:-)  J 
=  1 70  V. 2 
..  CPLACEME.il  «  1719.) 

=  2493.4 

*  263O.-0 
=  1232.0 

NET IRENE If)  =  5000.0 

*  1020. A 


glad.-:  events  per  aircrc-v  life  cycle: 

J  IRC.-;  LOS  T  TO  ATTRIUJl 
N  JM!3S.\  FATIGUE  I.ETI..EJ  J  JD.V'iAGSiJ 
MJMBi.t  REPAIRED  C  :  AI.-.C..Ar  l 
'URGE..  !.S;  Al.  ■:•)  OFF  Al.. CRAFT  IN  FIELD 
NJ4AZ.H  SCRAPPED  IN  FI  EL 0 
NUMBER  JAM', GEO  AV)  K£iIR5>J  IN  FIELD 
TOTAL  .JUMPER  JAM AO ED  A  : J  1_T  REPAIRED 
TOTAL  NJMSER  ALL  r.SPLACEME  ITS 


1.5000 
2.0000 
3.9323 
0.0276 
3.7770 
0.PI27 
3.  7397 
3.7697 


MAM  nOT^K  GLACE  COSTS  PER  AIRCRAFT  LIFE  CYCLE: 


COST  OF  INI  n  AL  f'.EOCUBE'  i£H  T  : 

HE.  AIRCkAFI  OJTFITrriG  CO j T 
SPARES  COST.  SIN  CONTAINERS 
SPARE  r.EPAI.,  MATERIALS 
I.EPAIS  SUP-PJ  T  EDUIPMENT 
TOI  AL  INITIAL  P.wCJ.-.EMENT  COST 


*  $  7673.00 

=  S  2519. .,0 
a  $  17.00 

=  S  160.00 

*  $10374. AO 


COST  OF  REPLACE-', E  li  GLADES  FOR  T  (OSE  LOST  AND  UNSERVICEABLE  {INCLUDING 
blade  SHIPPI  .'GV-ND  CCNTAIREi.  SUPPING  COSTS)  t 
BLADES  LOST  TO  ATTRITION  a  S  6031.00 

DAMAGED  PLACES  NOT  REPAIRED  =  SIV66-40. 

TIME-EXPIRED  U.') DAMAGED  BLADES  =  S  8023.00 
TOTAL  REPLACEMENT  COST  a  $233’5.40 


C3ST  CF  MAINTENANCE  ACT  I  0  L  CLA33E 
REPAIR,  kEPLACE,  ALIGN,  A  -ID  TRACK)  S 
FIELD  i-. EPAIN  Si  AIRCRAFT  =-  $ 

FIELD  i EPAI  s  OFF  AIRCRAFT  =  S 

field  SCRIP  a  z 

FIELD  RET  I . RENT  =  5 

TOTAL  '"A? NT-"  JA.MCE  COST  a 


AND  MATERIAL  T3  INSPECT,  REMOVE, 

345.90 

1.40 

136.00 

60.40 

$  543.70 


TOTAL  LIFE-C7CLZ  ELADZ  COST  PE,;  AIRCRAFT  039,233.40 

rsetiK&sss 


MAIN  »  ' MCE  MAN-HOJRS/FLIG HI  HOUR 
GLADE -RELATED  AIi.CAAFT  JOS. I  TIME 


0.0124 
43  HOURS 
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helicopter  life-cycle  blade  costs 


FIELD  REPAIRABLE/EXPENDABLE  BLADE  DESIGN  S 


NF!.»  DLADE  PRICE  ■  5  35  5 1 

MEAN  TIME  CKT..EE  7  FAILURES  ■  777.0  BLADE  HOURS 

FIELD  REPAIAA&ILI TY  *  47.5  PE. .CENT 


MEM 


TIME  BSYUCEN  MAI  NT  EM  *  ICE  ACTIONS  (BLADE  HOURS)! 


REPLACEMENTS  «  1234.3 

REMOVAL;'  FOR  REPAIR  OR  REPLACE.ME.M i  >  1227.5 

REPAIRS  *  1572.5 

DAMAGE  ..EPLACEMENTS  ■  1535.9 

UNSCHEDULED  MAI N  TENANCE  »  777.0 


SCHEDULED  MAINTENANCE  (RET IRENE  IT)  *  6255.3 
ALL  MAI NTE.NANCE  ACIK.Ij  *  691.5 


OLADE  E VENTS  PER  AIRCRAFT  LIFE  CYCLE! 
NUMBER  LOST  TO  AT  fR  I  I  I  ON 
NJMBER  FATIGUE  REilKEO  UNDAMAGED 
NUMBER  REPAIRED  ON  Al.. CRAFT 
NUMBER  i.EPAI RED  OFF  AIRCRAFT  IN  FIELD 
NUMBER  SCrv APPED  IN  FIELD 
NUMBER  DAMAGED  AND  RETIRED  IN  FIELD 
TOTAL  NUMBER  DAMAGED  AND  NOT  REPAIRED 
TOTAL  NUMBER  ALL  REPLACEMENTS 


1.5000 
1.5910 
6.3141 
0.0450 
6.4376 
0.0233 
6.5109 
3. 1019 


MAIN  ROTOR  BLADE  CJSTS  PER  AIRCRAFT  LIFE  CYCLE! 


POST  OF  INITIAL  PROCUREMENT! 

NEW  AIRCRAFT  Jwi'Fli  T  InIG  COST 
SPARES  COST ,  .’ITU  CC  ITAInERS 
SPARE  REPAIR  MATERIALS 
REPAIR  SUPPORT  EOUI  P.'IENT 
TOTAL  INITIAL  PROCUREMENT  COST 


=  £  7162.00 
■  £  2564.60 
=  £  26.40 

=  $  160.00 
s  S  9713.00 


COST  OF  REPLACEMENT  BLADES  FOR  THOSE  LOST  AND  UN5ERV I  CEAULe. 
BLADE  SHIPPING  AND  COMTAl  IEK  SHIPPING  COSTS)! 

BLADES  LOST  TO  ATT.il  f  l  SN  ■  £  5634.00 

DAMAGED  BLADES  NOT  REPAIRED  »  524004.60 

TIME-EXPI.  EO  J  4D AM AG ED  GLADES  *  S  5975.90 
TOTAL  REPLACEMENT  COST  =  £35614.50 


COST  OF  MAINTENAJCE  ACTIJ7S 
REPAIR.  REPLACE.  ALIGN,  AND 
FIELD  REPAIR  CM  AIRCRAFT 
FIELD  REPAIR  CFF  AIrCRAFT 
FIELD  SCRAP 
FIELD  RETIREMENT 
TOTAL  MAINTENANCE  CCS  I 


(LABOR  AND  MATERIAL  VO  INSPECT, 
TRACK)  ! 

*  S  540.20 

*  3  2.20 

*  £  233.60 

■  £  ^3*40 

*  £  324.40 


TOTAL  LIFE-CYCLE  DLADE  COST  PER  AIRCRAFT  S46, 151.90 


MAMT'NCE  MA-J-H3  JkS/FL  I  GM  T  HOUR  *  0.0177 

BLADE-RELATED  AIRCRAFT  DC..’) TIME  =  62  HOURS 


(I  CLUDING 


REMOVE, 
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HELICOPT  ER  LIFE-CYCLE  BLADE  COSTS 


FIELD  KEPAIKAGLE/E.UENUA'.LE  BLADE  DESIGN  5 


NEW  BLADE  PRICE  =  I  353  1 

MEAN  it  ME  HE  IN.  ESN  FAILURES  a  1275.0  BLADE  IcUi.S 

FIELD  aFP.URA-  ILI  I  <  -  49.5  PERCE, Nl 


MEAN 


TIME  "•'■■■  T..EE4 
RED'..  AC  i  Mu  MIS 
RE  \Z4\ LS  FJ.l 
RE  DAI  ,'G 


MAI  .TENANCE  AClICNS  (  BLADE  HUU..S)  I 

a  1 613.0 

TRAIN  On  REPLACEMENT  =  16  15.3 

=  2620.9 


DAV  AGr.  REPLACE  ME  ITS 
UNSCMEO  JLED  MAI  1  T  .-..NANCE 
SCMEDJLSD  "  AI . J  l  .  J,V  ICE  (..Eli,  .EMEN  T  ) 
ALL  MAI  I  IE  NANCE  ACTIONS 


1275.0 
5000.0 
1 020. 6 


BLADE  EVENTS  PE/.  Al  C  .FI  LIFE  CYCLES 
N'JMA.CN  LOST  I  :  \TT,.I  HO  4 
NJMEE  \  FAT  I  ij.jE  ..El  I  RED  J  40  V.ACED 
MJ'R'E.!  ,’EPMi.EJ  ON  AIRCRAFT 
NJ  '"‘c-N  REPAIRED  .,FF  AIACAAFl  I  .  FIELD 
N SCRAPPED  IN  FIELD 
NJMPEP  DAM  V  Ed  0  -ID  RET  I:. ED  IN  FIELD 
TOTAL  N  JN  3E.I  DAMAGED  AND  NOT  ..U'AIKcD 
TCiAL  NUMBER  ALL  REPLACEMENTS 


1.5000 

2.0000 

3.73(34 

0.0270 

3.3926 

0.0140 

3.7065 

5.9065 


MAIN  riJIwR  SLADE  CC3T3  PEI:  AIRCi.AFT  LIFE  CYCLt? 


COST  "F  INITIAL  .V7CJ..KMENT* 

ne'.4  Ainc.*.A~r  j jtfi  t r i  mt  cost 

s  ^ 

7  1  62.00 

l pa... -.s  c  st,  it;  z:  ;»:ai :rt..g 

2364.60 

SPA. .E  .EpAIR  MATE..I ALS 

—  w 

15.  >0 

REP  A I . .  S->  PP.7/.Y  E'.  jIPM.C  jT 

-  z 

160.00 

total  ini i ial  ,n3Cj.  :;i  cost 

- 

S  7702.50 

C3ST  OF  ivEPLACEME.N  i  lAdus  rCn  i  I  ,sE  LOST  A.D  sNst..Vl  CEf./LE  (INCLUDING 
BLADE  SIIppING  AND  C  N.AItE..  slip.  INC  COSTS)  S 
BLADES  LOST  M  A7T..ITI3M  =  Z  5634.00 

DAMAGEO  BLADES  NOT  RE1 AIRED  =  SI3S10.30 
TIME- ENTIRE.)  J.ND.VAGt  -  GLADES  =  S  7512.00 
TOTAL  i'.Ei  LACE -lc.N  i  J =  526956.30 


COST 

.7  r*  . 

:.u  .rv::. 

A  «\#  c.  !  \  w  i  I  7  •!  L 

<L , 

f 

u  :D  “IATsaI.iL 

TO 

I NSi'EC  t , 

r  EPA 

i. . 

.;•  ’lac:; 

»  ALI  *9  * 

,40 

T.  M  -: 

> : 

f: 

EL'<  . 

.PAI: 

••  4  ■  i .. 

'*  i 

= 

J  • 

10 

FI 

El.ii  . 

....’•■I.. 

F  A I  .  0 

\r  l 

= 

* 

i . 

30 

~l 

z.  *  1  ^ 

7.  hr 

= 

C, 

1*40. 

10 

Ml 

L  >  ■ 

'Tl... 

\  .  . 

- 

r 

to  G  • 

4  0 

TCI 

AL 

I  ;v  ■'  .  a 

N.V.  u;sl 

= 

5 

326. 

,00 

TJ  i'AL 

LIE.: 

> CYCLE 

BLADE  CCST  PE  IT  Al 

:.C. 

i  Ar’T 

i»0  l  » 

1C4. 

,30 

mai  it ••a:-tom:  /flight  moor 

DLA'.E-.  .EL  A  .  .-U  AI..C...V  I  ......RIIME 


0. 0125 
43  MOUi.S 
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HELICOPTER  LI  FE-CTCLE  BLADE  COSTS 

FIELD  REPA! i.  A'ULE/E  <  PEND  ABLE  BLADE  DESIGN  6 

NEW  BLADE  P..ICE  -  S  3654 

ME  ATI  TIME  BET  -EE'I  FAILURES  =  767.2  BLADE  HOURS 

FIELD  REPAIRA'ILI  i  T  a  51.5  PE, (CENT 

MEAN  TIME  PE  TWEEN  •1AINTEN  VICE  ACTIONS  t  BLADE  HCJKS)  : 
i  Ei’LACEME  I  IN.  =  1256.3 

HE  1C  V 'LL  ro.v  IEPAIR  C.-;  REPLACE MEN l  =  1247.6 
r.EPM  . :s  =  1496.1 

DAMAGE  ...--i-L'H’Z  'ItNTE  a  1533.1 

UMSCHEDUIRZ  >  MAI MTE  ‘(MCE  =  769.2 

SC  IEDIJLE  >  "Al  l i  EMA  JCE  C NET  I  RENEN  D  =  6096.4 
ALL  MAIM  I  ENA.  iCt  AC  T I  "ML  *  633.0 

BLADE  EVENTS  PER  AIRCRAFT  LIFE  CYCLE : 

MJMBEr.  lost  r;  attrition  =  j.sooc 

NUMBER  FAfl JjE  RETIRED  UNO  A.UaGED  a  1.6403 

NUMBER  r.ZR “AIRED  CM  AI..C..AFT  =  6.6331 

MJMBER  AI.E3  OFF  Al  ..CRAFT  IN  FIELD  =  0.0453 

NUMBER  SCRAPPED  IM  FIELD  =  6.2945 

NUMBER  DAMAGED  AND  RET  I  ..ED  IN  FIELD  a  0.0322 

TOTAL  NUMBER  DAMAGED  A .0  NC T  KEPAIaED  =  6.3167 

TOTAL  N'.JM-jta  ALL  REPLACEMENTS  =  7.9570 


MAIN  ROTOR  BLADE  COSTS  PER  AIRCRAFT  LIFE  CYCLE: 

COST  OF  INITIAL  Pi'.OCU.’EME.N  T : 

NEW  AIRCFAFT  ;  TF I TT I NC  C“ST  =  S  730'’. 30 
SPARES  COST.  .Ill  CONTAINERS  a  S  2403.40 
SPARE  REPAIR  R.'.i E..I ALS  *  s  2J.30 

REPAIR  SUPPORT  EDUIP-iENT  =  S  160.00 

TOTAL  INITIAL  Pi.OCJKc.;'.E.N T  COST  =  S  9904.70 

COST  OF  REPLACSME:r  BLADES  FDR  TITLE  LOST  AND  UNSERVICEABLE  (INCLUDING 
BLADE  SHIPPING  AND  CONTAINER  SHIPPING  COSTS): 

BLADES  LOST  TO  ATTRITION  =  S  5743.30 

DAMAGED  SLADES  NIT  ..EPAI.  SD  =  $236)9.70 
TIME-EXPIRED  UNDAMAGED  BLADES  =  3  6230.70 
TOTAL  REPLACEMENT  COST  =  $35723.90 

COST  CF  MAINTENANCE  ACTIO. IS  (LABOR  AND  MATERIAL  TO  INSPECT,  REMOVE, 
REPAIR,  REPLACE,  aLIGN,  AND  T..ACR)  : 

FIELD  REPAIR  ON  AISCaAFT  =  5  576.60 

FIELD  REPAIR  JFF  AIaC...V  T  =  3  2.20 

FIELD  SC.. A P  =  3  226.60 

FIELD  RET  IKE  '“NT  =  $  49. )0 

TOTAL  MMNTE.’ANCE  COST  =  $  355.30 

TOTAL  LIFE-CYCLE  BLADE  COST  PER  AIRCRAFT  34  .,433.30 


MAI  IT*  ICE  MAN-MCJRS/FLIC'ir  HOUR  a  0.0176 
BLADE -..ELATED  AIRC..AFT  JC..N1IME  =  63  HOURS 
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HELICOPTK  <  LIFE-CYCLE  BLADE  COST- 

FIELD  ..EPAlKAnLE/EXPENOAnLE  BLADE  DESIGN  6 

NEW  PLANE  PRICE  =  S  3634 

MEAN  TIME  PE  I'.  L'J'i  FAILURES  *  12.32.0  GLADE  HOURS 

FIELD  Rr.VAI  ..A!?  I  LI  f  (  =  S  1 . 5  PE/ICEN  f 

MEAN  r  I '  l.ETUEEN  MM  f  E.'IAN1C£  AC  MONO  C  PLAIJE  HPJRS): 

<-.,-:»’LACi:*!E'jrs  =  n<v/.i 

...E  '.-;  iLS  FA.?  It;  L,<  I  E?L  \CEME  I  f  a  n|},0 

EEP.'.I  i.it  *  2492.6 

DAMAGE  RIC.-’LAC:-.  ML  =  262  3 . 5 

UNSCHEDULED  "At  MENANCE  =  |2Jk.n 

I>C'I.C-i  JLr.it  "  AI  .  TE.N.Y1CE  f . .  .11.  .EM ENT  >  »  JOG  3.0 

A'  L  MAIN!  ENA  <0  ;  ACTIONS  •=  IC20.4 

BLADE  EVE  :  .'£  i  AH  A I  .'.CRAFT  LI"  3  CYCLE: 

nut's.-,  lost  1  ArrniriEJ  =  1.5000 

NJMHER  FAV I AJF  r.EiIKKD  At  JAN  AGED  =  2.0000 

number  MiEpai  .'to  Ali.cnA.~t  =  3.902s 

MUMPER  H  ...0  .IFF  AI  RCRAF  1  IN  FIELD  -  0.0275 

njt1-::?  ccraff  :.)  m  field  =  3.7767 

NJM'EA  DAMAGED  X'U  HEIIEEJ  I  !  FIELD  =  0.0123 

TOTAL  7UM3ER  DVIAGEJ  AND  vJi  .:EP,M:.£b  *  3.7  >00 
TCTAL  NUV.BE.:  %LL  KEPLACEME  i  i  *  5.7900 


MAIM  ITT  BLUE  C'wTE  PER  AIEC....FT  LIFE  CYCLE: 

COE  T  OF  IJITIAL  P-\  C  J.-.EMEMT: 

me',  a:  icr.AFr  o  jr/ri  r : •  j ;  c"L r  =  *  7203.20 

SP.V-.E3  COST,  CEITAIRE.R.  =  5  jA03.-'i0 

5.* VIE  ..SPAIN  MAU'-.T'-LS  =  S  17.00 

REPAI.-.  .  JPP  :..T  E  j  I  /  IE  V  T  *  f  160.00 

TOTAL  INITIAL  PNOC-.-MENT  CO-T  S  i  9393. AO 

COST  OF  .REPLACEMENT  PLAGES  'FOR  THOSE  LOST  AND  UNSERVICEABLE  (INCLUDING 
BLADE  SHIPPING  AND  CONTAINER  SHIPPING  COSTS): 

BLADES  LOST  TO  AT i RITI ON  =  S  57-73.50 

DAMAGE  j  PLADES  S.  T  i.s.'’AIr;£D  -  SI  36  10. 20 

TIME-E  :iT..~ 9  2 LADES  =  3  7653.00 

TOTAL  i.E’LACE.ENT  C._T  =  527011.70 

COST  .OF  ■  A!  .TENANC  I  ACTIO  12  (LAE:..  ,,'TD  MAT  El.  I AL  TO  INSPECT,  REMOVE, 
i-  E.’AI ,  .. PLACE,  ..Lit..-,  AID  TaTCM): 

FIELD  . .  c  P  A 1 1  •  ON  A!..C.;.'iF  1  =  I  345.90 

FIELD  .  ErAI  OFF  AI, CRAFT  =  S  1.30 

FIELD  -CRAP  5  $  136.  DO 

"I  ELD  ...:  I  I  .lEMC, NT  =  S  60.40 

TOTAL  M.TI  N  T  E.NANCE  COST  =  5  543.60 


TOTAL  LIFE-CYCLE  BLADE  COST  'E<:  AIRCRAFT  337,443.70 


MAIN l  *  ICE  I2J.  S/FLIGIT  HOUR  =  0.0124 

BLADE-Rc.LAlr.0  AI  ,.C;.  V  T  DJ..-.TIME  =  43  HCJRS 
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HELICOPTER  UFE-CYCLr.  PL  ADC  COSTS 


FIELD  i\EPAI.\A'iLE/E/.  PEND  ABLE  BLADE  DESIGN  7 


MEl.  BLADE  PRICE 

mean  ti::l  r.:r.’r:i!  failures 
FIELD  ..ETVI . ; A ’ 1 1  LI  i T 


i  2340 

742.1  GLADE  U'JIS 
61.9  PEiRCL.il 


MEA-J  Tli'E  » ■' i  • . E £  J  1AI.M  L  ICE  ACTI  Is  t  PLAJDE  ,10J,<S>« 
RLLLACE.  IE  ITS  =  1406.0 

re::  val:  pj..  >.m  ;i.  replacement  =  i36i.6 

HET'At . s  1202.  \ 

DA  I  ACE  ..EPLACE“E.:T£  a  1944.1 

JN..CHE  DjLED  MAI.ifE  lA.iCE  =  742.1 

SC  IEDjL  .J  ".AI  .‘I  l"E  J  A  ICE  Ci.ETII.EHL  II  )  =  SOI  7.0 
ALL  MAINTENANCE  ACTI  IS  a  642.2 


T-LAUE  EVENTS  PER  .MAX  .AFT  LIFE  CTCLEs 
XU. :  X:-.  LOST  TC  Ai  t'  .I .  I  ;.J 
Nil;  I  EEC  FAiT  OJr,  ...E l  I  vc..'  UK  U  A.  1  AGED 
NuMDiR  .-.  EPAI.. ED  CM  AI..CUAFT 


1.5000 
1 .9  647 
0.0129 


MJ-:r:E..  ..EPAI/. ED 


•M  .  .C.vAFT  I  R  FIELD  =  0.2353 


TJ--XE..  SCRAPPED  II  Fi.-.LO  =  5.1203 

NJEOEP  DAMAGED  AID  .XT I  RED  III  r  I  ELD  =  0.0236 

TOTAL  .l.-'iX:  DAM  AC  vJ  AND  NET  ..t,  AIRED  =  5.1433 

TOTAL  N'J/.BE..  ALL  I.EPLACEKSN  TS  a  7.1035 


MAIM  fWrCT:  BLADE  COSTS  PL. .  AIRCRAFT  LIFE  CYCLEr 

COST  CF  MITl  AL  I  .tC -  J.vE  :E  S 

NE'.i  AI .  X. T  OCT  ITTMX  COST  =  -  5600.  CO 
SPAL.ES  COST.  IM  CE  II/iMEivS  =  0  1920.00 
SPAKE  «:EPAI.i  MATERIALS  =  f-  32.20 

REPAIR  S  -PPO/.T  ECJIP'.EN  T  =  0  160.00 

TOTAL  IUTIAL  Pi.SC  J.vEME.  >  T  COST  =  S  7792.20 

COST  CF  REPLACEMENT  BLAMES'  FOR  THOSE  L^ST  AMD  UNSERVICEABLE  C  INCLUDING 
BLADE  SHIP. 'M3  A.iL  C '  I  TAIL- K  STIPPIMG  COSTS)  : 


BLADES 

L  ;sr  T 

C  AT  T.. I  :  I 

ri 

s 

3 

4522.50 

DAMAGED 

:  LAME 

:s  *-l.  r  ..el 

AILED  = 

014997.40 

TIME-E  '. 

PI  vEJ 

J  JjAM.V.Xj 

'LADES  = 

j? 23 i oO 

TOTAL  ' G 

PL  'GEL 

ENT  C-.I 

- 

$25443.40 

COST  CF 

VI  J  T E  / 

AMCE  ACTI 

..•IS 

C  L  ABC  it 

A.. J  MATERIAL  TO  INSPECT, 

REPAIr.,  .. 

c-.-L/XE 

»  .L1C  i$ 

.J 

1 ACK ) 

: 

FIELD  .: 

X-.AIL 

:m  a i. xt. a, 

rr 

3 

T. 

6  33*30 

FIELU  .. 

EPAI 

Jr'F  AI.X.v 

al  r 

= 

U 

11.40 

FIELJ  S 

C  '.P 

= 

z 

1S4.30 

FIELD  A 

L  i  I  . :  I  , 

E  It 

= 

Tj 

59.60 

1  OVAL  :.a 

1. 1  E  J  A 

..  E  COST 

= 

$  913.70 

TOTAL  LI  FE-CTCLE  BLADE  COST  PET:  AIRCRAFT 


$34.  1  ;i  j .  .j 


MAI  N  T  *fJCE  '.L.i-' XJ.'vS/FLI  LI  1  ICJR  =  0.0170 

BLADE-. .ELATED  AILO.AF.  DL.JTIME  =  64  HOJRS 


j 


WELICDPTt-R  LIFE-CYCLE  BLADE  COSTS 


FIELD  KEPAIKAHLE/EXPE  JuA'iLE  BLADE  DESIGN  7 
NEW  BLADE  pi.  I  BE  s  S  2*340 

me  am  time  r>::r  failures  »  1033. 0  blade  hours 

FIELD  REPAI.lAOILl  TV  =  61.9  PETTEUT 


MEAN  TIME  nET  "E.M 
REPLACE  rs 


MAI  M  TEN  A  ICE  AC  I  IONS  (  BLADE  FOURS') 

=  1566.1 


REMOVALS  f'VK  REPAIR  CP  2EPLACEME.il' 
REPAIRS 

DAMAGE  PE  1.  ACE  BENTS 

UNSCHEDULED  .‘*1  il'E'IADCE 

SCNEG JL  ED  .AI  H'EHANCS  C. RETIREMENT) 

ALL  MAINTENANCE  ACTI-.ND 


=  1-912.3 
=  2004.  5 
a  3240.  1 
a  1233.0 
=  5000.0 
=  992.3 


BLADE  EVENTS  PER  AI  PC. .AFT  LIFE  CYCLE: 
iMJMBER  LEST  1C  ATTRITION 
NUMBER  FATIGJE  REYI.'.t.J  UNDAMAGED 
NUMBER  REPAIRED  0-1  AIr.Cr.AF  T 
NUMBER  REPAIRED  AIRCRAFT  IN  FIELD 

NUMBER  cC...»PPED  IN  FIELD 
NJMBER  DA- AGED  AID  .  EllPiD  I‘l  field 
TOTAL  N-J  :BEi:  DA.-l.AGEJ  ADD  NO  l  REPAI  NED 
TOTAL  -JUMOE. .  ALL  .xEPL ACEME. ITS 


1.5000 

2.0000 

4.3457 

0.1415 

3.0/22 

0.0141 

3.0363 

5.0363 


MAIN  ROTOR  riLADE  COSTS  PER  AI  RC..AFT  LIFE  CYCLES 

COST  OF  INI  TI  AL  r.'.OCJREME  .  Ts 

.'ll-..  Ai  PC  . -u-  i  .  J  T .-  I  i  i  I. . ,v  COOT  -  2  363  0 • CO 
SPARES  C  :.-..  I  I  N  CO  JlRIDE.-.U  a  $  1920.  00 
SPARE  REPAI..  MATERIALS  =  5  1 P .  30 

REPAIR  SUPRA. ;i  ECUIPMEMT  '  =  S  160.00 
TOTAL  I  1ITIAL  P/OCUkEKENI  COST  a  3  7779. 3C 

CCCT  OF  REPL.VEIMS  IT  BLADES  FOR  T'-ICSE  LOST  AID  UNSERVICEABLE  (INCLUDING 

BLAJ"  SHIP  P I  BA  A'!)  CO-JTAI  .'ER  SUPPING  COSTS): 

CLADEw  LOST  1 A  ATTRI TI . 1  =  S  4522.50 

DAMAGED  SLADES  MOT  REPAIRED  a  S  J9.  10 
TIME- EMPIRE:;  SNA AMACGO  BlAOSG  a  ?  6130.00 
TOTAL  REFLAG.-  C  E  l  =  £19041.60 

C_l  v/F  'Ai  iTi.ANCi.  AU  T I  .  E  IL-.Eji.  iA.  1 D  RATEi.IAL  ID  INSPECT.  .lEROvS* 

.-.GPA1P.  REPLACE.  ALIGN,  A' JO  TRACK)  1 

FIELD  REPAIR  ON  AIRCRAFT  =  S  395.00 

FIELD  REPAIR  OFF  AI.--Ci-.AFT  -  S  6.90 

FIELD  SCRAP  =  3  110.60 


FI 

~LD  REi I.  _  . 

i  '  r 

-  S  6  0  •  h  C 

l  ./• 

al  :-:ai  :a 

.  D CL'J 

T 

=  3 

572.90 

TO  i 

LI  FG-CYCL  ". 

BLADE 

C;.ST  PER 

AIRCRAFT  027  j 

.393.  ->0 

NAIM.' 

•MCE  MA.'-': 

U.'.S/FLI 

GUT  U  'J  UR 

=  0.C1I7 

BLADE 

-RELATED  AI 

i. CRAFT 

UCS.Nl  I  ME 

a  43  Ujg;\5 
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TP.^t.r^lwl.VW 


iii.i.ii..  p.in»h.  li  'I 


--'il'I'i'-'-  V-'"  ».  TO  TT 


:>:t  i C-*.*,4 ..  i.i  .'>C(t'U  .  co-i s 

r  i .  1.0  -.1 . .A'iLE/a.iPE  «O.V»LL  L Ai) E  naSlul  ., 

!,la  i  ::cs  =  s  2913 

.sa  :  i  i  .u  • .  j  ;  nmij..:.:  -  it,:-..  •  rL..v&  iii)ui»< 

fk.l  >  ..eytii.-v  ili  i  (  6 1 . pt.-xaNr 

. !•; j  n  :s  . ; ,  maimi  .  i.vsu:  actions  celade  hours > i 

REPLACE. IE :  i  S  =  1406  .1 

removal.-  .h-p-vr  :m  replaci-memt  --  1 361.6 
repai .....  =  isoa.i 

D.VIAC,  .  ti  -  l9AA.it 

U'lSC'IEDJL&D  I  r  :c-.  -  743.  .: 

scheduled  M.u m*e  I'.:-* :  <.  ;n  re  n  >  =  sou ->.6 

ALL  MAINCEIANCE  fV:il  L  =  64  j.  2 


’  LAO  a  EVE  ITS  .’3.;  AI  EC.-tAF  i  LIKE  CrCL-S 

.mjm 'l.k  Li  sT  rs  ai  ini  1 1.:.-: 

MJML'L'n  r'AiIGJa  uETI  IT  4  J  10  AM  ‘'GEJ 
.ildMSE.  ..i.' ’.IKS:.'  s’  1 1 .  C.  .nr  i 

.•.j- i.;,  Aip.r.j  g.-k  aj.c;.akt  in  field 

RUi-H...-.  V'PEJ  J1  .-iELu 
.NUMBER  PA '.AGED  AW  ..Cilr.ZO  l!  r  ILL') 
TOTAL  NJYEA  Dm'-.AS  >  All)  ,'Uf  RCPAI Ac J 
TOTAL  ':  J-.  .Ei<  ALL  .-.  •  PLACEMENTS 


1.5000 
1.7643 
ii .  U“j  : 9 
0.236:1 
5.  12  Ob 
0.0220 
5. 143b 
7. 1033 


MAI  s'  .-..)  TOK  CLAJE  Coil'S  Pf...  AIRCRAFT  LIKE  0  TOLL: 


COLT  3F  INITIAL  Pk'JC J..s  12  ii  : 

Nl..  A I  A.7  i  OJtr  I  I  1 1  :G  COST 
SPARES  COLT,  *•  1 1 H  C.;\>»'VINE..S 
Sr-VTE  .-.SPAM  MAT  Pis  l  AL3 
kEpAIP  SUPPCRT  ECU!:'  MU 
TOTAL  IMITIAL  »M0CJ.%i.-5.vli'  C3SI 


J.  0326.00 
?  1763.30 
S  32.20 
£  164.00 

S  7962.03 


COLT  CF  REPLACEMENT  BLADES  FCh  THOSE  LOST  AND  UNSERVICEABLE  (INCLUDING 
BLADE  SHIPPING  AND  C0JT61E2E  3HIPP1  :C  C'bTDs 
BLADES  L-LT  TS  AT  TP.  IT  I  CM  =  Z  463,1.00 

0  AM  AC  ED  BLADES  MCT  REPAIRED  =  £13339.30 

TI  'S-L  I.  I  RE  J  J.-JO.V.*.  "2.  '.LACES  "  S  6067.30 
TOTAL  REPLACEMENT  COST  =  £26033.60 


COST  OF  MAINTENANCE  AC  1 1 .NS  (LABOR 
REPAIR,  REPLACE,  ALIO  7,  i.'.'D  TRACK)  S 
FIELD  EEPAI ..  CN  Ali.C..'.F»  =  S 

FIELO  REPAIR  OFF  i.I  r.C..AE  T  =  £ 

FIELD  SCnAP  .=  £ 

FIELD  KEi  li.C  :ENT  =  £ 

TOTAL  MAIN  TEN A  ICE  COST  = 


-.'0  MATERIAL  TO  INSPECT,  REMOVE, 

651.30 
1  1.40 

134.30 
59.60 

$  913.30 


TOTAL  LIFE-CYCLE  BLADE  CSST  PER  AIRCRAFT  534,954.40 

s===c==*== 


MAINT’NCE  MA'J-MOURS/FLIV  IT  HOUR 
BLADE-RELATED  AIRCRAFT  Djl.NTlME 


0.0170 
64  HOURS 

SSSSSZBX 


Reproduced  from 

£££l_ava liable  copy. 
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HELICOPTER  LIFE-CYCLE  BLADE  COSTS 


FIELD  P.EPAI.^APLE/E.IPE'IDAFLE  BLADE  DESIGN  8 


NEW  P-LADE  P  I  ICE  =  I  29 1 3 

MEAN  TINE  BE  T  Zr.  l  F  AI  LURES  a  1233.0  CL  ODE  HCUiiS 

FIELD  REPAIRAGILI  1  Y  a  61.9  PSaCs.NI 


MEAN 


f  I  ME  BE  T SEEN  *-?AI  NTENANCE  ACTIONS  (GLAi/E  HOURS): 


PE.' LAC*.  'ENTS 

EECVALS  FSi.  ..SPAIN  CH  REPLACEMENT 
■  -C PhI  i.6 

DAN  AGE  REPLAOEMS  ITS 


\n  c  .2 

1912.3 

J JOj • A 

3240. 4 


UNSCHEDULED  NAI  •)  :  ENANOE 


a  1233.0 


SCHEDULED  NAI  !  YE  .’  VICE  (RETIREMENT)  a  6000.  0 
ALL  MAINTENANCE  ACTIONS  a  992.3 


BLADE  EVENTS  PE, .  AIRCRAFT  LIFE  CYCLE: 
NUMBER  LOST  TO  ATTRITION 
NUMBER  FaTIG-jE  vEilfvED  UNDAMAGED 
NUN  PER  REPAIRED  ON  AIRCRAFT 
N J  1'  irt  RKPMitED  LFF  AIRCRAFT  IN  FIELD 
NJMDER  SCRAPPED  IN  FIELD 
NUMBER  DAMAGED  AT)  RETIRED  IN  FIELD 
TOTAL  NUMBER  sA  WAGED  AND  N j V  REPAIRED 
TOTAL  MUMPER  ALL  REPLACEMENTS 


1.5000 
2.0000 
4. 3497 
0.1417 
3. U723 
0.0133 
3.0-361 
5.0361 


MAIN  KOTOR  BLADE  COSTS  PER  AIRCRAFT  LIFE  CYCLE: 


COST  SF  MlflAL  PROCUREMENT: 
ME1..'  AIRCRAFT  OU f  FI  T  TING  COST 
SPATES  COST.  LIT  f  C ; 'ITAINE.iS 
SPARE  REPAIR  MATERIALS 
REPAIR  SUPPORT  ECUIPMSNT 


f  5326.00 
S  1963.30 
S  19.30 
5  160.00 


TOTAL  INITIAL  PROCUREMENT  COST  =  S  7969.10 


COST  OF  REPLACEMENT  BLADES  FOR  THOSE  LOST  AND  UNSERVICEABLE  (INCLUDING 
BLADE  SNIPPING  AND  CO  JTAI.NER  SNIPPING  COSTS): 

BLADES  LOST  TO  ATTRITION  =  I  4632.00 

DA."  AG  ED  BLADES  NOT  'REPAIRED  =  5  3693.90 

TIME-EKPI.'.ED  JNjAMAGED  CLADES  =  S  6176.00 
TOTAL  REPLACEMENT  COST  a  519501.90 


COST  OF  MAINTENANCE  ACTIONS  (LABS.: 
REPAIR.  .vEPLACK,  >LICN,  AND  Ti.ACK): 
FIELD  ivEPAIr.  ON  AIRCRAFT  =  S 

FIELD  .-.-OP AIN  OFF  AIRCRAFT  =  $ 

FIELD  SCRAP  =  Z 

FIELD  RETIREMENT  =  S 


AND  MATERIAL  TO  INSPECT.  REMOVE, 

39 S. 00 
6.90 
110.60 
60.40 


TOTAL  .NAI  iiENANCE  COST 


S  572.90 


TOTAL  LIFE-CYCLE  BLADE  COS:  PER  AIRCRAFT  523,043.90 


MAIN!  •NCR  MAN-  NO'U.iS/KLI  OH  T  HOUR 
BLADE-RELATED  AIRCRAFT  DOWNTIME 


0.01  17 

43  HOURS 
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HELICOPTER  LIFE-CVCLE  BLADE  COSTS 


FIELD  rEPAIRASLE/EXPENOABLE  BLADE  DESIGN  9 


NEW  BLADE  PRICE 

MEAN  TIME  BETWEEN  FAILURES 

FIELD  REPAl.-.  ABILI  t  T 


S  233? 

756.6  BLADE  HOLMS 
61.2  PERCENT 


MEAN  TIME  BETWEEN  MAINTENANCE  ACTIONS  (BLADE  HOURS>l 
REPLACEMENTS  ■  1406.9 

REMOVALS  POrt  REPAIR  OH  KE  PL  AC  EM  ENT  *  1361.3 
REPAIRS  a  1233.5 

DAMAGE  REPLACEMENTS  ■  1944.5 

UNSCHEDULED  .MAINTENANCE  «  736.6 

SCHEDULED  "i'.I‘N TE.JANCE  (RETIREMENT)  *  5032.9 
ALL  MAINTE  1ANCK  ACTONS  ■  638.7 

BLADE  EVENTS  PER  AIRCRAFT  LIFE  CTCLEl 

NUMBER  LOST  TO  ATTRITION  *  1. 5000 

NUMBER  FATIGUE  RETIRED  UNDAMAGED  -  *  1.9650 

NUMBER  REPAIRED  ON  AIP.Ci.AFT  *  7.8390 

NUMBER  REPAIRED  OFF  AIRCRAFT  IN  FIELD  *  0.2354 

NUMBER  SCRAPPED  IN  FIELD  a  5. 1 191 

NUMBER  DAMAGED  AO  RETIRED  IN  FIELD  a  0.0236 

TOTAL  NUMBER  DAMAGED  AND  NOT  REPAIRED  a  5.1426 
TOTAL  NUMBEr.  ALL  REPLACEMENTS  «  7.1077 


MAIN  T.CTCR  BLADE  COS  IS  PER  AIRCRAFT  LIFE  CTCLEt 


COST  OF  INITIAL  PRnC.‘REMENTj 

NEW  AIRCRAFT  0  UT"!  T  Tl  Mf?  COST  »  5  5676.00 

SPARES  COST.  WITH  CONTAINERS  =  S  1913.80 

SPA.-.E  REPAIR  (MATERIALS  *  s  31.70 

REPAIn  SUPPORT  ECJIPMENr  =  S  160.00 

TOTAL  INITIAL  PRGCJ..2MEN  T  COST  = 


S  7786.50 


COST  CF  REPLACEMENT  BLADES  FDR  HOSE  LOST  AND  UNSERVICEABLE  (INCLUDING 
SLADE  SHIPPING  AND  CONTAINER  SHIPPING  CDSTS): 

BLADES  LOST  iO  ATTRITION  a  $  4519.50 

DAMAGED  GLADES  MS  T  REPAIRED  a  S  14933.70 

TIME-EXPIRED  UNDAMAGED  "LADES  a  ?  5920.70 
TOTAL  REPLACEMENT  COST  =  S25423.90 

COST  OF  MAINTENANCE  ACTIONS  (LAPO?.  AND  MATERIAL  TO  INSPECT*  REMOVE* 
REPAIR ,  REPLACE*  -ALIA  I,  AND  TRACK)  1 


S  903.40 
S34* 113.80 

8SSS53SS2I 


FIELD 

REPAIR  on  AIRCRAFT 

a  $ 

643.00 

FIELD 

repair  off  aircraft 

a  $ 

11.40 

FIELD 

SCRAP 

a  S 

134.30 

FIELD 

RETIREMENT 

a  S 

59.70 

C  T  AL  • 

(AINTEJANCE  COST 

s 

TOTAL  LIFE-CTCLE  ELADE  CCST  PER  AIRCRAFT 


MAINT’NCE  M  AN -HO'jrS/ FLIGHT  HO  JR 
BLADE-RELATED  AI.-.CRA-T  DOWNTIME 


0.016? 

63  HOURS 

ss  tzszis 
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HELICOPTER  LIFE-CYCLE  BLADE  COSTS 


FIELD  REPAIAA3LE/EKPENDADLE  DESIGN 


MEW  SLADE  PRICE 

he  am  time  bet  .-ee.n  failures 

FIELD  REPAIR  '.DILI  TV 


S  £333 

126 1. 0  BLADE  HOURS 
61.2  PERCENT 


MEAN  TIME  BETWEEN  MAINTENANCE  ACTIONS  ( BLADE  HOURS)) 


REPLACEMENTS 
REMOVALS  FOR  REPAIR  CR  REPLACEMENT  = 
REPAIRS 

DAMAGE  REPLACEMENTS 
UNSCHEDJLED  MAINTENANCE 
SCHEDULED  MAINTENANCE  (RETIREMENT) 
ALL  MAINTENANCE  ACT! 0 NS 


1966.3 
1913.2 
2064. f 
3240.9 
1261.0 
jOOO.O 
1007.0 


BLADE  EVENTS  PFK  AI  F.CE*FT  LIFE  CYCLE) 

NUMBER  LOST  TO  ATTRITION  »  I.SOOO 
NUMBER  FATIGUE  RETIRED  UNDAMAGED  *  2.0000 
NUMBER  REPAIRED  ON  AIRCRAFT  -  4.7034 
NUMBER  REPAIRED  OFF  Al.C.-.AFT  IN  FIELD  »  0.J412 
NUMBER  SCRAPPED  IN  FIELD  «  3.0714 
NUMBER  0A14GE0  AND  RETIRED  IN  FIELD  *  0.0J4J 
TOTAL  NUMBER.  DAMAGED  AMD  NOT  REPAIRED  *  2.03S6 
TOTAL  NUMBER  ALL  REPLACEMENTS  a  S.0356 


,r  MAIN  MOTOR  BLADE  COSTS  PER  AIRCRAFT  LIFE  CYClE) 

Y 


COST  OF  INTIAL  PROCUREMENT) 
NEW  AIRCRAFT  OUTFIT  TING  OUST 
S.  'lRES  COST,  I  TH  CCNTAU,-^ 
S,  ARE  REPAIR  MATERIAL.! 


KEPVSAR  SUPPORT  EQUIPMENT  '  M 
T A;TlVs^4 ■  HiiDCJ  *E.M2,NT  COST  ^ 


;  5676.00 
1913.3,0. 
IV.  00*' 
160.00 


T  7773.30 


COST  0F-VEPU  CEMENT  3LA0ES  FOR  THOSE  LOST  AND  UNSERVICEABLE  C  INCLUDING 
BLADE  FMI.-.'IW  A.'fD  CONTAINER  SHIPPING  COSTS) : 

BLADES  LOST  TC  ATTRITION  *  I  4519.50 

QA.M AGED  BLADES  JOT  REPAIRED  =  ?  3*3  1.20 

TIME-EXPIRED  UNDAMAGED  PLACES  =  I  6026.00 
TOTAL  REPLACEMENT  COST  *  S19026.70 


COST  OF  MAINTENANCE  ACTIONS 
REPAIR.  REPLACE.  ALIGN,  AMD 
FIELD  REPAln  ON  AIRCRAFT 
FIELD  nEPAIli  IFF  AIRCRAFT 
FIELD  SCRAP 
FIELD  RETIREMENT 
TOTAL  MAINTENANCE  COST 


(LABOR  AND  MATERIAL  TO  INSPECT,  REMOVE, 
TRACK) ) 

*  S  333.30 

=  S  6.30 

*  S  110.60 

=  $  60.40 


566.70 


TOTAL  LIFE-CYCLE  nLAD£  COST  PER  AIRCKAF C 


027,367.20 

C  It  3  3=3333= 


MAI.NT  'MCE  MAN-MDURS/FLI  G'H  T  HO  UR 
BL  ADi-REt 'TED  AIRCRAFT  DOWNTIME 


0.01 16 

42  HU  UK'S 


w  1 1«  P»»*IIP^ 


HELIClVIG.i  LIFE-C7CLE  BLADE  COM:, 

FI  ELD  klPAI RAGLE/EAFE .DAHLS  BLAdE  DELlGM  10 

MEL  ‘’LADE  K'ilCE  *  $  29  I  1 

MEAN  I  I  c.  PGT.EEN  FAILJRSS  *  7  56.6  LLAdE  HOuKL 

FI  ELD  ,.EP Ul.ABILl  I  i  =  61.2  PERCE  U 


>1E.V4 


f  I  ■••  it  ..EEN  MAI  -j  i  -CHANCE  AC  I  1  ONE  C  CL  Auk.  HU)«S>  I 
.<■  .  LACEMENIL  s  1407. G 


i.f-TV  ALL  KGn  .%EPAlrt  OR  f.EPLACE.MENT  * 
KEt’AI  ..L  • 

DAMAGE  REPLACE  ME  il'S  * 

J-JLCIEOjLED  AI  lit  1ANCE  1 

aC-IEuJI.  '  MAI  .IflAHCE  T..E1  I.-CMEMI >  * 
ALL  MAI -4IE.4A4CE  ACUCNL  « 


1361.) 

123-3.  A 
1944.7 

736.6 
503-3.7 

633.7 


BLADE  EVENTS  PEA  AI  RC...-V  1  L I  PE  CfCLEt 

Mw-T ljlt  re 

NJXf-ER  FATluJE  ..ETI.vKl)  UNDAMAGED 

.NUMBER  ..E2AI.--.iD  U4  AIRCRAFT 

NJMREn  i.-:i>AI..-;:j  OFF  AIRCRAFT  I .N  FIELD 

Nj-!Atr<  LCRAlViJ  1  -J  FIELD 

MUMPER  DAMAGED  A.)  RETIRED  IN  FIELD 

r  0  I  AL  NU'BER  DA-VJED  A  JO  40  f  i.EPAI.-.ED 

TOTAL  N JMBEk  ALL  REPLACEMENTS 


1.3000 

I . >692 

7.3390 
0.2353 
3. I  193 
0. 0230 
j. 1 420 
7.1 074 


MAIM  R0TCP.  9LADE  COSTi  PER  AIRCRAFT  LIFE  CTCLEl 


COLT  CF  INITIAL  PRJCj.-.EMSNT  : 

ME..  AlrvC.iAFT  CJlFIITIJC  COLT 
SPArEL  C  L  T  *  .III  CONI  AI.NtRL 
SPA.-.t  REPAIR  MATERIALS 
REPAIR  LJPPOf-.T  EOJI  P-1SNT 

total  initial  pt'.oc ji.EMt.M r  colt 


$  5322.00 
£  1962.60 
£  31.70 
S  160.00 

$  7976.30 


COST  CF  REPLACEMENT  PL ADEL  FOR  THOLE  LOLT  AND  J.MSEhV I CEAbLE  (INCLUDING 
BLADE  DIPPING  ANJ  C  h  AIMER  SHIPPING  COSTS)* 

EL  ADEL  LOLT  TC  ATT.. I  TIC. 4  =  $  9629.00 

DAMAGED  EL  ADEL  ,NJ1  .EPAI.-.ED  ■  £15345.60 

T  I ME-E  <PI  1 1ED  UNO  A'-iAOiD  EL  ADEL  =  S  6064.  SO 
TOTAL  REPLACEMENT  CO-T  =  £26039.10 


COLT  CF  MAI  ITENANCi  ACTICNL 
REPAIR*  REPLACE*  ALILJ,  AJD 
FIELD  i  \  c  P  'M  •  <  ON  AI  ..C.\AF  T 
FIELD  :<i  *AI«  OFF  AI..O.AFT 
FIELD  LC  <AP 
FIELD  .:E  1  l  -<£P.£.N T 
TOTAL  ••U.NTE.-JAMCE  CJLT 


(LAbUi.  At 4  >  MAI  En I  At,  TO  INSPECT, 
T.-.ACK) * 

=  S  o'S.OO 

=  £  11.40 

=  £  134.30 

=  £  59.60 

=  £  >03.40 


i-.EMOVt* 


TOTAL  LIFt-CrCLE  PL  AD.-:  COLT  PER  AI.. CrAFT  £34,913. JO 


MAI. NT •MCE  VAN-HiUR-/FLlGlf  HOUR 
BLADE-ur'L  >l  tD  ALlC.HAFi  DOWNTIME 


0.0169 
63  HOURS 

ssa,s:=3 
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..... 


;  ...ic'  .  .ci  '•  i.  •;  cj:  u. 

1  _l-j  ..si  .»i..,vl  •:*'.•:<  pen  j  Lt  r.ujJF.  ic-n  10 

Ml'.'.  '.LADE  .  . .  T  CF.  «  t  291  1 

ME  AM  TIME  rFT.  i'.FN  FAILURES  *  1361.0  :  L  AUE  M"J  - 

field  il!Jy  *  i-lrceni 

MEAN  I  I  -  "  ! i  .  \  '.  i  X AI  %’Tl NmaC#.  AC  i  1  OLADE  -I..  t 

i i u. ( JL \C CviC  =  17  66.*. 

re  i..  ..  i.-.,-  i •«  ...xi L.-'.r;:  :c;i  -•  i?ic*.2 

REP-  I  i  a  206-1.0 

i>.v  •».  =  32»i.i 

■jnsc  is  j.-lej  -‘.m  :C;-:  =  I26i.v 

m  v  i c nance  (..& r i r.f-i.:  ;i>  =  ooor  ..i 

ALL  MAI  Ni'EN.VlCE  ACil'i.lL  -  1007. 0 

BLADE  EVEN  IS  ,‘t.r  A1RC».,T  Lift  CYCLE: 

MJSC'uil  L  >.■  1  1C  fit  ii  .1  if  I  CM  =  1.0000 

N  'J  M  ? . K  ■  F  i'i  V I G  J  E  »\'*'1I*'‘  j  J  v)A-JAj.-L>  =  2.0000 

NJ'l'lii-:  t.  .EU  AI.XY.Ai'r  =  **.703*1 

NUMBE.:  n.;.  .VI..C.U  0  •r  AI  .\CEAr  T  IN  FIELD  -  (1.  141  a 

NJ  C  -'iv  I  C  :'tPPEO  I  I  FIELD  =  3.0716 

NUMBER  04*1  AG  El)  AT.*  .<r.lT*'  ED  l.J  K  I  ELD  =  0.0133 

TOTAL  *1J  T'tM  DA-1.'.:-.)  A.J  \!.;T  f.EPAlrlED  =  S.OlaA 

TOTAL  No  i*iO.:  ALL  ..ErLACLMENTS  =  6.0334 


MAIM  KOTOR  TJL.iDE  COSTS  PER  AIRCRAF  1  LIKE  CYCLE: 

COST  CF  INITIAL  P:.CCa<c.:iE  I  S 

NEC  AI. ILVi APT  OUTFITTING  COST  =  J  SS2U.00 
SPARES  COST,  .ITH  CONTAINERS  =  f-  1762.60 
SPARE  REPAIR  MATERIALS  =  S  19.00 

REPAIR  SUPPORT  EQUIPMENT  =  S  160. 00 

TOTAL  INITIAL  PROCUREMENT  COST  e  I  7963.60 

COST  OF  REPLACEMENT  BLADES  FOR  THOSE  LOST  AMD  UNSERVICEABLE  ( INCLUDING 

BLADE  SHIPPING  ANJ  CONTAINER  SHIPPING  COSTS): 

BLADES  LOST  TO  ATTRITION  ---  $  4629.00 

DAMAGED  BLADES  NOT  REPAIRED  =  S  8636.00 
TIME-E.XPI  LED  UNDAMAGED  ELADES  -  7.  6172.00 
TOTAL  REPLACEMENT  C"ST  =  S194S7.00 

COST  CF  MAINTENANCE  ACPCNS  (LABOR  AND  MATERIAL  TO  INSPECT#  .REMOVE# 

REPAIR,  REPLACE#  ALIGN,  A  JD  TRACK): 

FIELD  REPAIR  ON  AIRCRAFT  =  S  333.80 

FIELD  REPAIR  OFF  AIRCRAFT  =  S  6.90 

FIELD  SCRAP  =  I  110.60 

FIELD  RETIREMENT  «  S  60.40 

TOTAL  MAI  NT E NANCE  COST  =  £  S66.70 


TOTAL  LIFE-CYCLE  BLADE  COST  PER  AIRCRAFT  $23,017.30 


MAINT'NCE  MAN-RCURS/FLI G’TT  HOUR  «  0.0116 

BLAOE-REl  ATEO  AIRCRAFT  DOWNTIME  =  42  HOURS 
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HELICCP1  t.i  LIFE-C/CLS  BLADE  COSTS 

FIELD  REPAIRABLE/ EXPENDABLE  BLADE  DELICT  It 

NEW  BLASE  PRICE  =  £  331b 

■MEAN  TIME  SET.. SEN  .'■'iiILL'.k  -  1052.4  BLADE  I-'UiTS 

FIELD  f.iPAIRAUILt  TV  =  4  3.7  FlE.vCt. J F 


MEAN  ft:’.  Me  1.0  •:  4  -M  JTE NANCE  AC » I  '  4  j  C  SLADE  (DU.'.S): 


i'S.'L 

3 

1*0/ 

.2 

/  .. 

,1 ::  Z.\  REPLACE 

liL.’J  i  = 

l  l 

.  1 

'  l..w 

= 

2  j  .  •  j  •  y 

o::-t\G£  Ki.^c:  : 

ITS 

= 

045 

•  7 

...  r 

1  r!  I.V.  CE 

S 

1053 

•  *ii 

iLiii)  **..M  i »  2. 

•MCE  (j-.El  l.-.rl  : 

£:rn  = 

50i6 

•  6 

r'lLL  ImM  Vi  f  L  i  <**L’c! 

M.:  »•  J  ATS 

s 

(37  6.  1 

i  iw/  'i’l  r  la 

•  »AF  l  LIFE  CTCL 

; 

nu  r:  ;p.  loot  t  .  ait.-itiom 

2 

1.5000 

NJ-M O.C.R  r  ATHiuE  . 

Ei  i  ..io  l  /damaged 

X 

1. 9659 

NO  --  E  :  NEPAl  i. ED 

:  !  M.iCAAFT 

s 

4.0674 

NJHPE..  .(EPAI .  .E  * 

■  AIAC.  A/ T  I 

1  FIELD 

- 

0.2412 

NJMB7.il  SC  .A.-V.’) 

I .  FIELD 

= 

5. 1 1?4 

MUM* EE  DAMAGED  A 

N)  .-.ETIi.EL'  IN 

FIELD 

= 

0.0202 

TOTAL  4JT)E.i  DAM 'LED  iVO  1ST  .. 

EpAIKEO 

= 

3. 1 396 

TOTAL  iJMGEP  ALL 

.-.E  PLACEMENTS 

7.1056 

MAIN  r.‘.!  T  -  n;  PLANE  COSTS  PE.v  AIRCRAFT  LIFE  CTCLE: 


cosr  cf  t  iin  i.  :cj.  :njt i 
ns.  AirCiAFr  ?jrcirii!G  co .  r 
spares  ■■  I  r  ;  containers 

SPARE  ME  PAIR  MATE..I  ALL 
REPAIR  SJ PPSP.T  EVjIPMEMT 
TOTAL  INITIAL  Pi.:CJ.>E  li'JT  COLT 


-  *  6630.00 
=  0  2205.00 
=  S  13.30 
=  0  160.00 


9 003. 20 


COST  OF  REPLACEMENT  SLADES  FOP.  THOLE  LOST  AMD  UNSERVICEABLE  CINCLUDIJO 
BLADE  SHIPPING  AN  J  CO  •.  I'AINEii  SUPPING  COSTS): 

BLADES  LOST  TO  AT  f  i'.I  I  l  OH  -  0  5235.00 

DA.MAG j  OLAJE-.  0 T  ..SPAIHED  =  317S44.90 

Tl.'iE-E  w'INED  UNDAMAGED  GLADES  =  3  6361.20 
TOTAL  REPLACEMENT  COST  =  £29441.10 


COST  CF  MAINTENANCE  MOTIONS 
REPAIR,  REPLACE,  ALIO!,  AND 
FIELD  REPAIR  ON  AIRCRAFT 
FIELD  REPAIR  OFF  A!,. CRAFT 
FIELD  SCRAP 
FIELD  r.Ei'I;  E'lE'lT 
TOTAL  MAI  !  TEN A  MCE  COST 


(LABOR  AMD  MATERIAL  TO  INSPECT, 
TRACK)  : 

=  S  277.40 
=3  11.70 

=  S  134.30 
=  S  59.60 

=  3  533.00 


REMOVE, 


TOTAL  LIFE-CtC*.  E  SLADE  COST  PER  AIRCRAFT  £33,932.40 

3SSSSS333: 


MAIN  V  ’  MCE  M.VJ-- !JJ...’/FLIG  If  HO'JR 
BLADE -RELATED  AIRCRAFT  DO  IN T I  ME 


0.C151 

51  HOURS 

83333333 
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MELICrTTEN  LIFE-CYCLE  BLADE  Cv-CTS 


FIELD  REPAIRABLE/EXPENDABLE  BLADE  DESIGN  II 

NEW  T’LADE  PRICE  =  S  3315 

MEAM  TIME  GETL.'EEN  FAIL  JRES  =  17  64.0  BLADE  I  OURS 

FI-LO  .’AI..A’  ILI  I  V  »  45.7  PErCE  IT 


MEAN  n  :£  jLT ..ESN  MAINTENANCE  ACIIC.NS  (BLADE  HOJRS)* 


JAIR  OR  KSi'LACE:  lE.NT  s 


KEPI.  '.GENE  UTS 
REMO  FCP 

KEPAI..3 

DAIAGt  REPLACE  JENTC 
o.NSC  iSSuLEJ  MAIN  TEi.ANCE 
SC  i-JULED  MM.TE  iANCE  CkS  i  I  .CEMENT) 
ALL  MAI  .iu-.AJCE  ACTIONS 


1967.0 

1913.6 

3063.2 

3342.3 
1764.0 
5000. 0 
1304.0 


BLADE  EvuJfS  PEP.  AIRS. .AFT  LIFE  CYCLE: 
NUMBER  LOST  r?  ATTRITION 
NU.M3SN  FATIGUE  RETIRED  U  ID  WAGED 
t'JMr  SR  aEPA1..ED  ON  AIKCP.AF  i 
NUNES..  EEPAI..ES  OFF  ..IRCi.AFT  IN  FIELD 
NUMBER  SCPAPPED  IN  FIELD 
NUMBER  DAMAGED  AND  util. NED  IN  FIELD 
TOTAL  NUMBER  Dm*' AGED  AND  .NJ  i  REPAIRED 
TOTAL  NUMBER  ALL  REPLACEMENTS 


1.5000 
2.0000 
2.4404 
0. 1447 
3.0717 
0.0121 
3.0333 
5.0333 


MAIN  AOTO.i  BLADE  COSTS  PER  AIRCRAFT  LIFE  CYCLE: 


COST  OF  INITIAL  P.'.JC J..tMENT: 

NEW  AIRCRAFT  .'JwTFI  T  i  IMG  Cfa->i 
SPARES  CCS  T.  -IT  3  C-NTAINEKS 
SPAr.E  REPAIR  MAT  _.T  ALS 
REPAIR  SUPPORT  ECJIPMENT 
TOTAL  INITIAL  PRCC  JREME.NT  COST 


S  S  6630. OU 
S  S  2205.00 
=  £  3.00 

=  S  160.00 
=  t  9003.00 


COST  OF  .REPLACEMENT  SLADES  F2H  THOSE  LOST  AND  UNSERVICEABLE  ( INCLUDING 
BLADE  SHIPPING  AND  CONTAINER  SHIPPING  COSTS): 

BLADES  LOST  TO  ATTRITIOI  =  Z  5235.00 

DAMAGED  BLADE-  NOT  REPAIRED  =  a  9317.20 

TIME-EXPIRED  UNDAMAGED  SLADES  =  S  6930.00 
TOTAL  i.EPLACSMEN f  CU-.T  =  S22032.20 


COST  CM-  MAINTENANCE  ACTIONS 
PGPAI h,  REPLACE/  ALIGN,  AMD 
FIELD  REPA? :  . N  AIMC..AFT 

FIELD  P.SPAli:  OFF  AIRCRAFT 
FIELD  SC.-.AP 
FIELD  kET'I  .<£  NENi 
TOTAL  MAIN!  t.-JA-JCE  COST 


(LADD  3  AND  .MATERIAL  TO  INSPECT, 
TRACK)  : 

=  C  166.40 
=  S  7.00 
=  $  110.60 
s  S  60.40 
=  S  344.40 


REMOVE, 


TOTAL  LIFE-CYCLE  BLADE  COST  PER  AIRCRAFT  $31,379.60 


MAIN i  *  MCE  MAM-HOURS/FLICHT  HOUR  =  0.0106 

BLAQE-KELAT ED  AIrC.-.A’T  DC  ...NT I. ME  =  35  MC'J.-.S 
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HEL I COPTER  LIFE-CYCLE  '’LrOE  CISTS 


FIELD  KEi’AI rMVLE/EPPENOASLE  BLADE  'JELIC.M  12 


NEl.'  BLADE  I1.. ICE  *  S  33  S  i 

MEAN  TIME  :  :i..cE'l  FAILJ..EL  ■  1053.4  PLAOE  IHJ.-.E 

FIELD  KE. 3  M  PAM  LI  I  Y  ■  4b.  7  PE..  CL. 'I  I 


MEAN  T I 


•  El ..." 


;AI  i  T A.MCE  ACTIONS  (  BLADE  ICU.w)  s 


KFPLAC  r  IE  NTS 
.‘-.EMC  V  ALE  KCa  ..EPAIP  CK  REPLACEMENT  = 
.  GPAt ....  a 

DAMAGE  .  EPL’CE  lE'.IL  = 

UNSC'IKO  JLtL)  AliiEIAMCE  a 

SCHejjleo  m.m  iie.lmce  <..etit. emend  = 

ALL  MAI  HENANCS  ACTIONS  a 


1407.4 
1361.1 
2320.3 
1945.7 
105 j. 4 

5036.5 
376.  1 


BLADE  EvEIlL  PEI.  AI.-.C. ,FT  LIFE  CYCLES 

w:rzr.  lost  to  %rr:,iri„.j  a 

no.-hep  f.'tigje  .;:u..ej  endamaged  « 

MUMPE..'  r.EPM.  Ej  i  A I  PC.' A"  i"  a 

■'iUMr.  E,;  c.cPAI  .’  .ED  Cf>*  At,  :C..AFT  I.'l  FIELD  « 

number  oc.'.Ai  PEo  i  :  field  = 

NJMBEP  DAMAGED  A.'.’O  ..E  Tit. ED  1.1  FIELD  a 
TOTAL  r.ysc:.  DAI. AGED  AND  ..2  T  .-.EPAI2ED  a 
TOT  AL  NUMD£i<  ALL  ..  -'.'LACEMEMi  L  a 


1.5000 
1.7660 
4.0674 
0.2414 
5. 1  197 
0.0198 
5. 1394 
7.1054 


MAIN  mrOt?  rLADE  COLTi  PEE  AIRCRAFT  LIFE  CYCLES 


cost  of  I'M  UAL  ?  zc:  'ft 

■'•IE..  A!  ■  ?..  AFT  '  !  i'  III’  . 

spares  cosy,  ..;n  c;..r.Ai  =  ? 

SPARE  ..EPAI  ;  MATE.. I  ALE  =  : 

REPAIR  _  JPPL.T  E-JlPtiiT  *  s 

TOTAL  INITIAL  P.-.'ICJ.  E':;"  IT  COST  a 


9776.00 

2243.30 

13.30 

16P.00 

3 


9193.10 


COLT  )r  ..EPLACE  l-'if  BL'O-o  FCK  THOSE  LCS  f  -VI J  UNSERVICEABLE  <  I.JCLIjDI,' 
BLADE  L  llPPI  Pi  A. , J  C.1TAI  IE.R  SHIPPING  CC_TS>» 

BLADES  LOST  TO  ATTRITION  a  S  5344.50 

DAMAGED  BLADES  NOT  hEPAlBED  =  $17707.00 
TIME-EXPIRED  2ND  AM  AGED  BLADES  =  $  7004.90 
TOTAL  i.EPL  ACEME  I.  COST  a  330056.40 


C C L  T  OF 

i  j/.!  'j  r  u. 

•  a.  *c  c.  mC  r  i 

S.JL 

PEPAI  r.t 

..'CrL’ocj  -LI  C’*# 

AD 

FIELD 

..  -IV I.. 

C  -4  Ats.C  T 

•"!' 

field 

•  .Et  Ms. 

OFF  AIF.Ct. 

AF  7 

FIELD 

EC.-./*? 

F I  ELD 

..Eilr.E 

IE.  IT 

TOTAL  f 

: a i n TE  : 

MCE  COST 

CLALJ..  A'Ij  MATERIAL  iO  INSr-ECT,  ..EMOVE, 
T,-.:c:o  S 

a  3  277.40 

=  5  11.70 

=  3  134.30 

=  3  59.60 

=  3  533.00 


TOTAL  LIFE-CYCLE  BLADE  COLT  PEP.  AI..C..AFT  $39,737.50 


••.AI.JTViCE  MAN-3  MPE/FLIG  If  HOUR  =  19.0151 

BLADE-RELATED  AIPCt.AFV  DCi.-ITIME  =  51  HOURS 
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HELlCVTEi.  L  I  FE-C  /CL-  BLADE  CELTS 

FIE!  D  i.Ei  AIl.AnLS/EXJ'ENOAnLE  BLADfc.  DEL-iCI  I.! 


NEW 

OLA'i 2  A  .  I 

= 

I  3331 

MEAN 

T I  E  BET  ..EE  J 

FAILURES  « 

1764.0  EL  AD..  10  JR 

FIELD 

1  .vEPAI .  i  - 1  L 1 

i  T  - 

45.7  i;:..-u 

MEAT 

i  1  iE  r-E T-NiE.-. 

M  -ITERANCE 

AC  f  I  .NS  C  E-LADE  HO  Li 

..E.-L  ACt.  iiE.  i  - 

-  1  -9  6  7  .  1 

..f  .  AL-  F  Ni 

.  —  •AIK  CP.  .._ 

PLACEMENT  =  19  12^6 

. .  E  -  V.  I  >'  3 

=  3 265.0 

DAMAGE  .  LAC 

EMEWO 

=  3242.9 

UNSCHEDULED  .: 

AI  NTECIARCE 

=  1764.0 

SCHEDULED  MAI 

ME  '-ViT!  IRE 

riRF..’1ENT)  =  3000.0 

ALL  MAIN TE  A 

CE  ACTIONS 

=  1304.0 

BLADE  EVE  ITS  PE.-.  AI.-.C-iAFT  LIE.-.  CTCLE  > 


Mr  left  LOST  T.  Arr.<ITU.«i 

1.5003 

'J'J  •*  r.  r  <  • .  *T  F I . .  Vj  -  ::3 ,v-1 

A 'ED 

= 

2. CO 00 

Nj:  REPAIRED  DM  AIHCl.VT 

= 

2.4404 

Nj.-r.-E.;  repair :d  off  aii-.c.  aft 

I  -i  FIELD 

= 

0.  144-3 

NJ-!1-E.<  SL'iwWtR  IN  FIELD 

= 

3.0713 

NUMBER  0  A  ’AGED  f-  -.-  i  .-.ETI..ED  I 

N  FIELD 

= 

0.0119 

T01C.L  NJ  I"  j.  '  »C- E U  AND  40V 

.  EPAI..EO 

- 

3.0337 

T 0  1  AL  N  J'-IOEP.  ALL  HErLACE  '.E -i  T 

S 

= 

5.0337 

<!AI M  h.Ci  ;.1  %LA_-E  CU5»S  PE.  AIRCRAFT  LIFt  36CLE: 

COST  UF  INI  UAL  CJnEMEMIs 

•ME.;  AIi.C.vAFr  Li/'ImI.j  C  - 1  =  S  6776.03 

SPARES  C.M’j  in  CO.I-t  ! :.  *5  •*  f  2-143.10 
SHAPE  !tt^  A  I.-;  -iAlEElAL-  =  -  J.uO 

RE.’AI  :  E--lF‘E;i  =  3  160.00 

TOTAL  IJIflAL  JR -MEN f  C.'LT  »  S  9192.30 


COST  CF  REPLACED  ENT  BLADES  FOR  THOSE  LOST  /v(D  UNSERVICEABLE  OflCLJOING 
8LAJC  SHIPPING  .V!0  C  '  T  ' I  I d . :  Elt.VING  CD-IS)* 

BLADES  LOOT  r  ’  '• . T  .1  II  ON  =  5  5344. 50 

DA/ AO  ED  SLADES  JOT  ..EPAIRIw  *  310002.10 

TIM-- E 'PI..ED  JJDA'AGEJ  nL.AJ.--G  =  $  7126.00 

TOTAL  .-.i/L'.CE/E:.’.  C  .:>T  =  322492.60 

cos r  -sf  •••.amtenanc-;  actions  clao:;:  and  ;ai eri al  to  inspect*  remove* 

HE  A  A I  A*  .-:E  PLACE*  M.IG-I*  AND  T..ACK)* 

FIELD  REPAI..  •  i  AI  ..2  .-'.FT  =  ?  166.40 

field  .ep.Ui.  eff  aiec.-aft  -  s  7.00 

field  scrap  =5  110.60 

FIELD  ..ETIr.E,  ENT  -  3  60.40 

TCI  U.  /iAINTE  J‘\  iCE  COST  =  3  344.40 


TOTAL  LIFE-CYCLE  BLADE  COST  PER  AIRCRAFT 


$32*029.30 


MAI. NT  \NCE  MAN-MCURS/FLI  G  IT  HOUR  =  0.0106 

3LADE-i-.EL.ATED  ,Mi.C..Vl  DOWNTIME  =  35  IIDJRS 
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L&lt*lfc«6 j*v» 


^rAWikiiMiV.TilliiiTiftr/i 


1  ■*. -#i.  ,-*v  Uk>*  j,  Li»L 


IELIC-PTER  LIFt.-CYCLE  LLmU  COSTS 


FREIi  D2SI 0  J  2  -  NO  COMBAT 


NE.<  BLADE  P..ICE 

ME  A.'.'  TIME  DEYNtL'l  FAILURE! 

field  repainauili  » < 


=  S  2138 

*  89  1.6  BLADE  H0URS 

-  61.3  PLKCENT 


MEAN  TI  -IE  PEI'.  EE)  MAINTENANCE  ACTIONS  C  PL  ABE  HCJRL)  ! 
.REPLACE  !  .  1  U  =  1331.2 

•:*  .jval~  .epai i.eplace.;e.ji  =  isao.4 

REPAIRS  =  1445.4 

DAMAGE  REPLACEMENTS  r  .3327.5 

UNSCIED  JLi  J  :  M  ITERANCE  =  391.6 

SCrlEu’JL  -Li  ' .  tl  i .  E  JaNCE  t:\ti  1REMENT)  =  aOOO.O 

ALL  MAI.JTE  : <Ci  ACTU.iL  a  756.7 


ELA.iE  EVENT L  PEP  AIRCRAFT  LIFE  CYCLE: 

NJN3ER  Lj3i  TO  AT  1  ;.I  i  I  .!  i  a  1.5000 

N JMritii  FATIGUE  ..E TILED  3  .DAMAGED  =  2.0000 

NJ-iBER  ix.OPAI  :>E’J  .!  T  AI.3C..AFT  =  6. 611 A 

NUMBER  PEPAI.iED  OFF  AIRCRAFT  IN  FIELD  =  0.2079 

NUMBER  LC . 'PED  1.1  FIELD  =  4.2770 

NJM5ER  DAMAGED  AND  .-.ETI.-.ED  IN  FIELD  =  0.0195 

TOTAL  N-i.-r.E  .  DAMAGED  AMD  NOT  REPAIRED  =  4.2965 


TOTAL  NJMPF...  .ALL  p.EPLACE.REN  TS 


6.2965 


MAIN  ROTOR  ElADE  COLT'  PEP  AIRCRAFT  LIFE  CYCLES 

COST  ?F  INITIAL  PPCCUTEMVir: 

ME-.:  AIRC.vAFT  0  JTFITTI.U  CUT  a  0  5776.  00 
SPA  PEL  CUT.  ..IT!  CONTAINS..-  a  3  1943.10 
SPA. .E  REPAIR  MATERIAL;.  =  S  25.40 

REPAIR  S-iV:..T  2  Co  I, "MEN  T  *  S  160.00 

TOTAL  INITIAL  <V.E  CEREMENT  COLT  =  S  7910.20 

COST  OF  REPLACEMENT  CLAUSE  FOR  TTOSE  LOST  AND  GNSEPVI CEAELE  (INCLUDING 

SLADE  SKIPPING  ,  NO  CONTAINER  -TIPPING  COSTS)  s 
GLADES  L-ST  T  P.I  i  1 0  1  a  3  4394. aO 

DAMAGED  "LADS-  -  j .  ..Er  AIRED  =  512516.40 

T  !".S-i'MFI  •  OD  0  .’DA  ’AGED  PLANES  =  0  *,126.00 
TOTAL  ..ErL.TOE  :L  li  CD-T  =  520236.90 

CELT  .A  MAI  1TEN/V.CE  ACT  I.  !L  (I.P.-E..  AID  UAIERIAL.  TO  INSPECT.  .;SMJWE, 
REPLACl,  ALIGN,  V.i*  T  .ACSO  { 

FIELD  .REP  '  I . .  AI  .\C...V  T  =  3  521.00 

FIE! _ !  .RE'  '1!.  „F/  AI.vCKAFT  =  1  1  .  <0 

.■  ULG  EC...AP  -  I  154.  .00 

FILL  •’  ::£»i..E  NO  !T  ~  ?  69.  >  i 

TOTAL  •.AINiUNO.NGw  COST  =  £  747.  IQ 


TOTAL  LIFE-CYCLE  BLADE  COST  PEN  AIRCRAFT  $31,394.20 


MAINYMCE  !!  U-  IJURS/FLI GHi  NOUN  =  0-0143 

CLrtDS*i. SLATE,  AI.iG.vVr  DMXiIME  =  55  HOURS 
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HELICOPTER  LI  F E-CYCLF  BLADE  COSTS 


■  k-.V ii.i-r.,  Lizr^,  '.’jO'iv 


FRED  DESIGN  a  -  .JJ  COMBAT 


h.ade  price  *  mu 

'•'SAN  TI.-1E  BET.EEN  FAILD.EC  =  1 4,6.0  BLAi.E  HOURS 

FIELD  i.E,-/M..'.\  .ILI  i'  (  =  61. j  IT, .CENT 


i F.  4.  i 


TIME  -Er.  EER  "  M  i_.;,VJCE  ACYI'N..  tDLADE  M  J... 
J-EPLA  •■  •  .  .U  =210*'!.-! 

M.i  ...'.’At,',  nk  replacement  ■  21 10. a 


r.EPAI .  ;-i 

D A  •!  V :  .  ;.L  ’llACS'-iN-. 

■J  : _ C  i..  )JL.-..>  i  .iS.  .  .MCE 
L C R  ..‘j  jL  ■  ' '  1  -i »  c  i M .  J  «  { .*.E  T 1 1 .  ..I^N  1  ) 

ALL  •'  <1.4  •  i  .AMCK  J-j 


240J.7 

3377.1 

1436.0 

5000.0 

1  145.3 


> : 


LLADE  EV-.  IT-  PE..  AI.:Ui:A~T  LIFE  CYCLE: 

i'.uM.OE  :  L ~  1  TO  All.. I  TIC!  = 

.  fa  1 1 go:  . . e r i  . e o  jjuamaged  = 

ID, 'HE..  Pii'AI  LED  ...  .Mi.C.tAFT  = 

..  JMB2. :  ..'.I ...  x  .  .-V  I  ..3. .AFT  l.-,*  FIELD  = 

numb  : :  :.c..Af-i lj  i,.  fi  :lj  * 

NJV.LS.l  DA  . ABE-  rV:-x  ..ETI.-.EO  1.1  FIELD  * 

TOTAL  H.^E.i  DAMAGES  AID  NOT  AEh.IP.EO  = 

total  :u.-irea  all  .  ss  placemen f s  = 


1.5300 

2.0000 

a.oou 

0.  1427 
2. 5662 
0.0117 
2.5777 
4.  >7  <9 


sain  ..orc.<  blade  costs  i  ep.  aircraft  life  cycle* 


COii  OF  INITIAL  P. . -'2 .. .  !  lEl  i  . 

Me*  AI .  .0  '.hF  i  Jwxriiili-  w.t 
SPARES  COST.  V.  Ill  C_  i  AI  1EAS 
SPARE  i-.EFAI..  MATERIALS 
PEPAI*  SJPrL.T  ES'JIPlSlT 
TOTAL  INITIAL  PP.  Sj.'.E:E.1T  COST 


j  5776.00 
3  1943.30 
.$  15.30 
5  160.00 

$  79C3.I0 


COST  OF  REPLACEMENT  EL  i  Cl  "OP  HOSL  LOST  AND  J'iSE.iV  ICE  ABLE  C  INCLUDING 
BLASE  SHI. ’VI  IS  AMO  C-  .  1  Al.'.E.l  SHIPPING  COSTS)  : 

BLADES  LOST  TO  ATTi-.i  II ON  =  3  4594.50 

DAMAGED  ' ’LADES  EOT  i.EPAIF.ED  =  0  6959.10 

TIME-ETPIK2J  JPlA.IAlFD  SLADES  =  ?  6126. CO 
TOTAL  REPLACEMENT  C.-T  -  $17709.60 


COST  OF 

MAINTENANCE  ACTIONS 

(LA--5.; 

AND  MATERIAL  TO  INSPECT* 

PEPAI  ?.. 

REPLACE.  ALIGN.  AN.) 

TRACK) S 

FIELD 

REPAIR  ON  AIRCRAFT 

=  5 

312.60 

FIELD 

.' lip  Air:  OFF  AIi-.C.-.AFf 

—  EJ 

6.90 

FIELD 

SC2.V- 

—  o 

92.40 

FIELD 

is  El  I  .SEMEN T 

=  J 

60.43 

T  C  T  AL  !■ 

i  si  ii lance  c-w. 

= 

S  472.23 

mcMC »E. 


TOTAL  LIFE-CYCLE  BLADE  COST  PER  Alr.C.sAFf  $26,032.00 


MAIMT’NCE  -V*. -.5  .  Ux<w/FLI  03  i  YOUR 
BLADE-RELATED  A  1. 1C.  1  AFT  NOONTIME 


0.0103 
37  HOURS 
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•  L'L  I 


tv. .. 

ml  an 

mi: 

'ik  a  : 


'  l‘i-  •- 1 -ti'Cu.  TLAuL  r  :,,: 

F'/i'  "i uK.-.ic- j  *» 


R.  V'.'.  i'.  i  c.: 

1  MLlf; 


?  2  (  i  i 

I’iu.f,  i-LA'Jr  ’ I..  U.’iS 
^  I  •  2  I'r'i.lJi.  , , 


BLAD 


^.•LACEM-:,:  !AI  •r“r*’,Cr;  r-JH*.), 

r  V  3R  ■‘r:n  :-!E.vr  =-  louo.’o 

UA  ,Al!F-  ■•-‘LAOELKNIS  I  j*;';.1''? 

u.-«c  (cO.lu)  -tAriffc  :,vjck  I  '7;\u,6 

SC-IICOwLl'.'J  -A!  .IRNA-ICi  <!,'•  i'i  r",K;.ji-)  I 

ALL  MAI  iTE'.T.'CR  AcriO-IC  .  I  2J?  *£ 

j6o»9 

AI ..Cr. AK I  LIFE  CYCLE: 

••J.-.rifert  lcrt  ia  attriticn 

f*‘  ,C'JE  ‘"'I  -Tv) '  MACED 

■  J  L..PAI...'D  3.J  A I  ;*  C  Ari 

cff  ai f;c; .A.-  1  I,  held 
iC.. a; in  fieuj 

y  ":'J  n'4D  *■••:-'  in  field 
J§f£  mVacl'°  a;:)  "'ar  bailed 

IDTAL  .mU.-  ALL  REPLACE!  !E  iTE 


=  1.5000 

=  4.4220 

=  7.3370 

=  0.2057 

r  5.1192 
*  0.0232 

=  5.1424 

=  9.5652 


*  S  S/76.00 
=  S  1943.30 
=  S  31.70 

*  S  160.00 


s  7916.50 


co:r  of  initial  p.cc.'.'.’Em:: jt: 

MLt  AIRCRAFT  CUTFI Tf INA  CE"T 

^PM'r;?D20£r'  KIT:<  C-'.MTAI  ME..IL 
5P..LE  REPAIR  MATERIAL- 

EEL  AIK  OUPT-OKT  EQUIPMENT 

Total  initial  procurement  colt 

COST  OF  REI'LmCEMEJT  01  ADf*  srr--  T.,,PP.  . 

^F.5aLc.^, ???  UNiE:<V1CEAB 

?Ke-xpi’^=-^;;! -  JiS^.IS 

total  ftkf'L ACii :E'i ir  cSt*  uLA')l  "  :  313^7,cc 

S33749, 50 

28ZS!%ffS  ,«•  TO  I.1.PSCI 

Flc-I.o  REPAIR  AIRCRAFT 


OFF  AIRCRAFT 


FIELD  REP, A I , 

FIELD  LCKAP 
FIELD  RETIREMENT 
TOTAL  MAINTENANCE  CC5T 


=  s 
=  $ 


643.00 

11.40 

134.30 

133.40 


TOTAL  LIFE-CYCLE  BLADE  COST  PER  AIRCRAFT 


S  977.10 

£42,64.3.  10 


MAINT'NCE  MAN-HCURE/FLIGHT  HOUR  -  n  r\9\A 
BLADE-f.ELATEJ  A.i.CMAFT  mjffi  , 


294 


.uL, 


(INCLUDING 


REMOVE, 


...  -  .,  .  . . ^...-,...^1— 


HELt  C.’i  i  SR  LtKE-CYCLE  GLADE  COSTS 

FR/E  BLADE  DESIGN  2 

NEW  GLADE  Pa  ICE  =  *  0333 

ME  AM  T!  :E  ji  TWEEN  FAILURES  *  756.6  BLARE  LI  URL 

FIELD  ..EPAIi.A'  I L I  TY  -  61.2  PE.. CENT 

MEAN  TIME  HE  TWEE  1  *-l  A I  '4  PENANCE  ACTIONS  (BLADE  HO  URL)  ’ 
nEPLACE  ENl  S'  =  1249.3 

REM, V ALS  i-J..  REHAIR  DR  REPLACEMENT  =  1213.6 
REPAIRS  ■  1233.  A 

DAMAGE  RE.- LACE  IE, UTS  =  1944.6 

L  ISCHED'JLEU  MAI .  ITENA.  ICE  =  756.6 

SCHEDULED  MAI  NIL  IANCE  (RETIREMENT)  =  2494.1 
ALL  MAINTENANCE  ACTIONS  =  621.9 

BLADE  EVE  ITS  PEE  AIRCRAFT  LIFE  CYCLE* 

NUMBE.i  LOST  TO  ATTRITION  =  1.5000 

NUMBER  FATIGUE  RE  1 1  RED  J  .DAMAGED  =  2.3620 

NUMBER  REPAIRED  ON  AIRCRAFT  •  =  7.3390 

NUMSEP.  REPAIRED  CFF  AIRCRAFT'  IN  FIELD  =  0.2357 

NOIRE.".  SCRAPPED  IN  FIELD  =  5.1192 

NUMBER  DAMAGED  ARD  RETIRED  IN  FIELD  =  0.C232 

TOTAL  NJM3ER  DAMAGED  AMD  JOT  REPAIRED  *  5.1424 

TOTAL  NUMBER  ALL  REPLACEMENTS  =  3.0043 


MAIN  ROTOR  BLADE  COLTS  PER  AIRCRAFT  LIFE  CYCi-El 

COST  OF  INITIAL  PROCURE.MEN T j 

NEW  AIRCRAFT  OUTFITTING  COOT  =  S  5776.00 
SPARES  COST#  WITH  CONTAINERS  =  S  1)43.30 
SPARE  REPAIR  MATERIALS  s  $  31.70 

REPAIR  SUPPORT  EGjIP-iENT  =  3  160.00 

TOTAL  INITIAL  PROCJES.ME.il  CD-I  *  S  79  16.50 

COST  OF  REPLACE'  ENT  BLADES  FOR  THOSE  LOST  AND  UNSERVICEABLE  (INCLUDING 

BLADE  SHIPPING  AND  CONTAINER  SHIPPING  COLTS): 

BLADES  LIST  TO  ATI. II  TIEN  =  $  45)4.30 

DAMAGED  GLADES  NOT  ..EPAIRED  =  315363.90 
TIME-EXP- RED  UNO  A!  AGED  BLADES  =  5  3766.20 
TOTAL  REPLACEMENT  COST  =  $23729.60 

COST  OF  MAI  ITERANCE  ACTIONS  (LABOR  AND  MATERIAL  TO  INSPECT#  REMOVE# 

REPAI i./  .;E.'LACE#  ALIGN#  AJU  iRACR): 

FIELD  nEPAIR  ON  AI.. CRAFT  =  $  643.00 

r  Te.lD  i.  kj  r  r  r. I » i C • .  A.'  T  -  I  11.40 

FIELD  SCRAP  =  S  134.30 

FIELD  RETIREMENT  =  $  36.60 

TOTAL  MAINTENANCE  COST  =  S  930.30 


TOTAL  LIFE-CYCLE  BLADE  COST  PER  AIRCRAFT  $37,576.40 


MAI. NT  VICE  MAN-HOURS/ r*  LIv/HT  HOUR  =  0.0136 

BLADE-:. ELATED  AIRCRAFT  DOWNTIME  *  63  HOURS 
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HEL1 CO PTE. .  LIr E-CYCLE  3LYu;R  C  STS 

FR/E  BLADE  DESIGN  2 


NEW  BLADE  PRICE  »  $  2333 

MEAN  TIME  GET'. '.MEN  FAILURES  a  756.6  BLADE  HOURS 

FIELD  HEPAIRA.RILI  l'Y  =  61.2  PE:.  CENT 


MEM 


TINE  DET-EEN  MAINTENANCE  AC  TI 0  NS  (L'LhDE  HOURS): 
REPLACEMENTS  =  1523.9 

RE.  1 37  ALS  .  .EPAIR  C.l  ..SPLACEMEMT  =  1-975.7 


REPAIRS 

DAMAGE  REPLACE. 1E*.TS 
UNSCHEDULED  .  i.'il  N  i EN XI C S 
SCHEDULED  EM  .TE  .’.MCE  ( RETIREMENT) 
ML  i*  i AI N  i  l.  <  A.  S-c.  AC  i  I  j.w 


1233.4 

1944.6 

756.6 

7150.9 

634.2 


BLADE  EVE  ITS  PEA  AIRCRAFT  LIFE  CYCLE: 

number  Lc.r  t;  vrrrviTK  i  =  l.sooo 

•NJMEEA  F  A 1 1  0  j  E  T.ETIP.Ej  J  IDA-iACED  a  1.3934 

numbs;;  repaired  on  aircraft  =  7.3390 

NUMBS.'.  AEFAIAED  JFF  AI.-.C..AFT  IN  FIELD  «  0.2357 

NUMBER  SCRAPPED  IN  FIELD  ■  5.1132 

NUMBS  DAMAGED  AND  AC  I  I. .ED  IN  FIELD  =  0.0232 

TOTAL  NJ.',  ,SA  DA. I AGc-D  AJU  NOT  ..EPAIivEO  =  5.1424 
TOTAL  NUMBER  ALL  KEPLALEMS.N  i  S  *  6.5403 


MAIN  ..STOP.  BLADE  USSTS  PEA  AID  CD  A  FT  LIFE  CYCLE: 


COST  OF  INITIAL  PESCUEEMEN T : 

NE-  AIRCRAFT  OUTFITTING  COiT 
5 PANES  COST.  -I  i  H  C3NTAI.NL.-w 
SPADE  aEPAIP:  MAT  EDI  ALS 
FE  ’AI  E  S  .Pr i  E  SU  I PHE  NT 
T3TAL  INITIAL  P.;FCJ.-EMEVr  COST 


!  5776.00 
S  1943.30 
$  31.70 

S  160.00 

S  7916.50 


COST  ZF  REPLACEMENT  BLADES  FOR  THOSE  LOST  AND  UNSERVICEABLE  (INCLUDING 

blade  shipping  and  contains;;  shipping  costs): 

BLADES  LOST  TO  AT  T ; . I T I ^  J  =  3  4594.50 

DAMAGED  BLADES  NUT  ..-PAIRED  =  $15144.30 
T I  ME-E/.PI  RED  U  ,  JAM  AG  ED  BLADES  =  5  4233.40 
TOTAL  P.EPLY.CE.MS  i  i  COST  =  $24022.60 


C3ST  OF  MAINTENANCE  ACTIONS  (LABOR  AND  MATEPI  AL  TO  INSPECT/  P.EMOVE/ 
REPAIR/  REPLACE/  ALIGN/  AND  TRACK): 

FIELD  ,'SPAl ..  ON  AIRCRAFT  =  5  645.00 

FIELD  ..EPAI.;  OFF  AI.. CRAFT  =  3  11.40 


F 1  c.LU  -Cp.AP 
FIELD  RETIREMENT 
TOTAL  MAINTENANCE  COST 


i  134.30 
Z  42.60 

S  836.40 


TOTAL  LIFE-CYCLE  BLADE  COST  PEP  AIRCRAFT  $32/325.60 

33SS3S3Z3S 


MAI  MT'.JCE  MAN-  1 J  J..S/F  LI  GH  T  HOUR  =  0.0159 

GLADE-RELATED  AIRCRAFT  U3U.NTIME  »  60  HOURS 
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HELICOPTER  L ! FE-C  YCLE  BLADE  C35IS 

F K/E  BLADE  DELI  CN  2  MO  COMBAT  DAMAGE 

MEri  glade  Pi; ICE  «  I  2333 

ME  AM  T I VE  AE  T  .EE.'I  FAILURES  =  371.6  BLADE  HCUi-.S 

FIELD  REi  F I AA3IL I  TV  =  61.3  r’E'.iCEMf 


MEAN! 


TIME  UEi.EEJ  NAT.!  TE)  AJCE  ACTIO.!-  ( BLADE  IJ'JliS): 
HEPLACE MENT-  a  1106.7 

REMOVAL:  FOR  REPAIR  OR  REPLACEMENT  a  1 0 7 7 . 
REPAIR-  =  1446.2 


DAMAGE  REPLACE. -iE  N  T - 
UN-C TED-LED  MAI  i  TEN.4NCE 
SCNED-LEd  MAI  jTENAMCE  (RETIREMENT) 
ALL  MAINTENANCE  ,'.CTI  .  !- 


2327.  j 
39  1.6 
2106.3 
626.4 


BLADE  EVENT S  i:E.»  .\!.\C.-.AFI  LIFE  CYCLE: 

NUMBER  L'ET  TG  ATTRITION  * 

NUMBER  FATIGJE  RETIRED  UNDAMAGED  a 

NUMBER  REPAIRED  ON  AI i.CNAF T  a 

NUMBER  REPAI..E:;  OFF  AI.. CRAFT  I!  FIELD  = 
NU'IBEi.  SC..APPSU  IN  EIi.LD  = 

NUMBER  DA  1AGKD  AN)  RETIRED  IN  FIELD 
TOTAL  N-'  JANASs.,  AID  NOT  c.lP.M  .  .ED  » 

TOTAL  NJ-NEP.  ALL  REPLACEMENTS  = 


t. 5000 
4.7476 
6.6314 

0.237? 
4.2770 
0.0195 
4 . 2  )  6  6 
7.0441 


MAIN  R«TOR  "LANE  COS  f  B  PER  AIRCRAFT  LIFE  CYCLE: 


COST  OF  INITIAL  Pr.OC'-r.Z  'EM T : 

NET.  AISC.. AFT  OUrFITTIlG  CD-T  .= 
SPARE-  CUT,  ..  I  i  !  C_  IT. ti  JC.-.s  = 
-PARE  REPAIR  M  ATEiv  I  ALL  * 

REPAIR  - JPPORT  EO-IPMSNT  » 

TOTAL  INITIAL  P.'.3CU.iE  ME  IT  COST  * 


5776.00 
1943.30 
23.4  0 
160.00 


7910.20 


COST  OF  REPLACE  !EMT  5 LANE-  F0R  T’Nu-C  LC-T  AND  U NSEP.V I CEADLE 
BLADE  SMlrYt  ,3  AND  CONTAINER  SNIPPING  COSTS)  : 

BLADES  LOST  TO  ATTRITION  =  £  4694.50 

DAMAG-)  "L’VCS  NOT  i.EPAIi. ED  =  012907.20 

TiME-c  ej  jncsv:  v;-;o  "lades  =  oi-o'.i.  jo 
TOTAL  i-.E.'l. ACE  IENT  COO  1  a  132073.60 


CCST  OF  MAINTENANCE  ACTiJM-  CL 430 A  haD  MATERIAL  TO  INSPECT/ 
REPAI  R,  NOPL  ACE,  ALIC  J,  AND  T.TACiOt 

FIELD  ..ERA!  .-I  ON  AIRCRAFT  a  0  521.00 

field  4  if.  off  aircraft  as  1 1 .  so 

F  T  r  D  SCRAP  a  5  164.00 


FIELO  RETIREMENT 
TOTAL  .MAI ..  i  i  LANCE  COST 


I  143.00 


829.60 


TOTAL  LI? E-CYCLE  BLADE  COST  PER  AIRCRAFT  340,3 13. -0 


MAINT’NCE  MAN-ilOuRS/FLIG  IT  HOUR  a  O.OI93 
BLADE-RELATED  AIRCRAFT  DC.-,  s’ TIME  =  69  I3JRS 


( I  NCL'JD 


REM-  v£. 
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HELICOPTER  LIFE-CYCLE  BLADE  COST., 


Frt/E  GLADE  DES.GN  2  •»*** ■»  NC  COMBAT  DAMAGE 

.MEW  BLWE  PRICE  *  $  283B 

‘BEAM  Tt  ME  BET..F.EM  FAILURES  *  ''91.6  BLADE  HOURS 

FIELD  REPAIKAMLl  TY  *  61.8  PERCENT 

ME  AM  i  I  ME  BET. .SEN  MAINTENANCE  ACTIONS  (BLADE  HOURS)! 
REPLACEMEN1 S  =  13 A 1 . 9 

REMOVALS  r  0 ; I  REPAIR  OR  REPLACEMENT  *  1300.4 
REPAIRS  «  1445.2 

DAMAGE  REPLACEMENTS  a  2327. S 

UNSCHEDULED  MAINTENANCE  ■  391.6 

SCHEDULED  MAINTENANCE  (RETIREMENT)  =  3163.9 
ALL  MAINTENANCE  ACTIONS  *  695.3 

BLADE  EVENTS  PER  AIRCRAFT  LIFE  CYCLE: 

NUMBER  LCsT  TO  ATTRITION  *  1.5000 

NUMBER  r  ATIRJE  RETIRED  UNDAMAGED  =  3.1557 

NJM3ER  REPAIRED  CN  AIRCRAFT  a  6.6314 

NUMBER  REPAIRED  OFF  AIRCRAFT  IN  FIELD  a  0.2379 

NUM3ER  SCRAPPED  IN  FIELD  a  4.2770 

NUMBER  DAMAGED  AND  RETIRED  IN  FIELD  a  0.0195 

TOTAL  NUMBER  DAMAGED  AMD  NOT  REPAIRED  a  4.2965 
TOTAL  NUMBER  ALL  REPLACEMENTS  «  7.4522 


MAIN  NOTCH  BLADE  C'STS  PER  AIRCRAFT  LIFE  CYCLE: 

COST  CF  INITIAL  PROCUREMENT: 

NEW  AIRCRAFT  OUTFITTING  COST  =  S  5776.00 
SPARES  COST,  1 7H  CONTAINERS  a  $  1943.30  * 

SPARE  REPAIR  MATERIALS  a  S  25.40 

REPAIR  SUPPORT  EQUIPMENT  *  $.  I6C.00 

TOTAL  INITIAL  PR  'CUflEMENT  COST  a  .  S  7910.20 


COST  OF  REPLACEMENT  BLADES  FOR  THOSE  LCST  AND 
BLADE  S'UPPI  IG  AID  CONTAINER  SHIPPING  COSTS): 
BLADES  LCST  TO  ATTRITIOM  =  S  4594.50 

DAMAGED  SLADES  NOT  REPAIRED  a  SI 2693. 40 
TIME-EXPI.vED  UNDAMAGED  GLADES  =  S  9665.90 


UNSERVICEABLE  (INCLUDING 


TOTAL  REPLACE, ISO. . T  OUST 


S26953.30 


COST  OF  MAINTENA.5CE  ACTIONS  (LABOR  AND 
REPAIR,  REPLACE,  ALIGN,  AND  TRACK): 

FIELD  REPAIR  ON  AIRCRAFT  a  S  521.00 

FIELD  REPAIR  OFF  AIRCRAFT  a  S  11.50 

FIELD  SCRAP  a  t  154.00 

FIELD  RETIREMENT  a  $  95.30 

TOTAL  MAINTENANCE  COST  a 


MATERIAL  TO  INSPECT,  REMOVE, 


TOTAL  LIFE-CYCLE  BLADE  COST  PER  AIRCRAFT 


S  731.70 
S35, 645.80 


MAINT'NCE  MAN- 
BLADE-RELATED 


tpjrs/flight  hour 

AlnC.iAFT  DOWNTIME 


0.0169 

61  HOURS 

2SSSS8CS 
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HELICOPTER  LIFE-CYCLE  BLADE  COSTS 


Fn/E  BLADE  DESIGN  '4  *****  N3  CJMIVN  D.V-i/.'-t 

NED  DL ADL  P.>1CE  ■  S  23*38 

MEAN  TIME  CEf-SEN  FAILURES  ■  891.6  BLADE  HOURS 

FIELD  KEFAIKABILirY  ■  63.8  PERCENT 


MEAN  i IME  BEV..EEN  MAINTENANCE  ACTIONS  (BLADE  HOURS): 
REPLACEMENTS  =  1636.1 

REMOVALS  FOR  REPAIR  OR  REPLACEMENT  *  162). I 

REPAIRS  *  1445.2 

DAMAGE  REPLACEMENT-  *  2327.5 

UNSCHEDULED  MAINTENANCE  =  891.6 

SCHEDULED  TEMAMCE  ( RETIREMENT)  =  6)13.9 
ALL  MAINTENANCE  ACTIONS  ■  773.2 


BLADE  EVENTS  PER  AIRCRAFT  LIFE  CYCLES 
NUMBER  LOST  TO  ATTRITION 
NUMBER  FATIGUE  RETIRED  UNDAMAGED 
NUMBER  REPAIRED  C.N  AIRCRAFT 
NUMBER  REPAIRED  CFF  AIRCRAFT  IN  FIELD 
NUMBER  SCRAi  PSD  IN  FIELD 
NUMBER  DAMAGED  AND  RETIRED  IN  FIELD 
TOTAL  NUMBER  DAMAGED  AND  NOT  REPAIRED 
TOTAL  NUMBER  ALL  REPLACEMENTS 


1.5000 
1 . 6343 
6.6814 
0.1379 
4.2770 
0.0195 
4.2965 
5.9303 


MAIN  ROTOR  BLADE  COSTS  PER  AIRCRAFT  LIFE  CYCLES 


COST  OF  INITIAL  PROCUREMENT: 

NEW  AIRCRAFT  OUTFITTING  COST 
SPARES  COST,  WITH  CONTAINERS 
SPARE  REPAIR  MATERIALS 
REPAIR  SUPPORT  EQUIPMENT 
TGTAL  INITIAL  PROCUREMENT  COST 


S  5776.00 
S  1943.80 
S  25.40 
£  160.00 

$  7910.20 


COST  OF  REPLACEMENT  BLADES  FOR  THOSE  LOST  AND  UNSERVI CEABLE  (INCLUDING 
BLADE  SHIPPING  AJD  CONTAINER  SHIPPING  COSTS): 

BLADES  LOST  TO  ATTRITION  ■  5  4594.50 

DAMAGED  BLADES  NOT  REPAIRED  *  $12460.40 
TIME-EXPIRED  UNDAMAGED  BLADES  *  $  5005.80 
TOTAL  REPLACEMENT  COST  =  £22060.70 


COST  OF  MAINTENANCE  ACTIONS  (LABOR  AND  MATERIAL 
REPAIR,  REPLACE,  ALIGN,  AND  TRACK) s 

FIELD  REPAIR  ON  AIRCRAFT  «  $  521.00 

FIELD  REPAIR  OFF  AIRCRAFT  •  S  11.50 

FIELD  SCRAP  «  $  154.00 

F’.ELD  RETIREMENT  «  S  49.60 

TOTAL  MAINTENANCE  COST  ■ 


TO  INSPECT,  REMOVE, 


TOTAL  LIFE-CYCLE  BLADE  COST  PER  AIRCRAFT 


$  736.10 

$30,707. 10 
:::::::::: 


MAI  NT  *NCE  MAN-HOUKS/FLI GMT  HOUR 
BLADE-RELATED  AIRCRAFT  DOWNTIME 


0.0142 
53  HOURS 


LIST  OF  SYMBOLS 


A/C 
bl-hr 
c .  f . 
c.g. 
c.  rot. 
dB 
E 
f 

c 


f 

p 

FH 

FMEA 

FREB 

G 

g 

GW 

LE 

M 

M 


M 

M 


ct 

pt 


aircraft 
blade-hour 
centrifugal  force 
center  of  gravity 
center  of  rotation 
decibel 

Young's  modulus,  lb/in.2 

number  of  corrective  maintenance  tasks  per¬ 
formed  in  a  given  span  of  flight-hours 

number  of  preventive  maintenance  tasks  per¬ 
formed  in  a  given  span  of  flight-hours 

flight-hours 

failure  modes  and  effects  analysis 
field-repairable/expendable  blade 
torsional  modulus,  lb/in.2 

2 

standard  gravitational  acceleration,  ft/sec 
gross  weight,  lb 
leading  edge 
maintainability 

mean  active  corrective  and  preventive  action 
time,  hr 

mean  corrective  action  time,  hr 
mean  preventive  action  time,  hr 
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Mmax 

MMH 

MTbF 

MTBFg 

MTBM 

MTBMC 

M'lBMp 

MT3R 

MTBRep 

MTTR 

N 


PMMH 

RCS 

RDTE 

rev 

rpm 

t 


TE 


95th  percentile  maximum  repair  time,  hr 

maintenance  man_hours 

mean  time  between  failures,  hr 

mean  time  between  scraps  due  to  failure,  hr 

mean  time  between  maintenance  actions,  hr 

mean  time  between  corrective  maintenance,  hr 

mean  time  between  preventive  maintenance,  hr 

mean  time  between  removals,  hr 

mean  time  between  replacements,  hr 

mean  time  to  repair,  hr 

number  of  elements  in  sample  space 

number  of  distinct  preventive  maintenance 
actions 

number  of  blades  remaining  at  time  t 
productive  maintenance  man-hours 
radar  cross  section 

research,  development,  test  and  engineering 
revolution 

revolutions  per  minute 

repair  time,  hr 

median  repair  time,  hr 

elapsed  time  to  perform  ith  preventive 
maintenance  task,  hr 

trailing  edge 
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V 


V 

var  x 
Ve.’ 


x 

x 


local  velocity,  ft/sec 
free-stream  velocity,  ft/sec 
variance  of  x 
velocity,  ft/sec 

logarithm  of  blade  repair  time  t 
mean  of  x 

bending  frequency,  rad/sec 
standard  deviation  of  x 
variance  of  x 
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